(19) 



J 



Europdfsches Patentamt 
European Patent Office 
Office europ^en des brevets 




(11) 



EP 0 848 435 A1 



(12) 



EUROPEAN PATENT APPLICATION 

published in aocordance with Art. 158(3) ERG 



(43) Date of publication: 

17.06.1998 Bulletin1998/25 

(21) Application number: 96928681 .4 

(22) Date of filing: 28.08.1996 



(51) Int 01.6: HOI M 2/16, H01M 2/18. 

H01M 10/40. HOI M 6/00 

(86) International application number: 
PCT/JP96y02414 

(87) International publication number: 

WO 97/08763 (06.03.1997 Gazette 1997/11) 



(84) Designated Contracting States: 


• OKI. Shunsuke 


DE FR GB 


37-7, Kamikodanaka 1-chome 


(30) Priority: 28.08.1995 JP 219036/95 


Kanagawa-ken211 (JP) 


(71) Applicant: 


(74) Representative: 


von Kreisier, AIek, Dlpl.-Chem. et d 


AsaM Kasel Kogyo Kabushild Kalsha 


Patentanwfilte, 


Osalca-shi, Osaka 530-8205 (JP) 


von Kreisler-Seiting-Werner, 


(72) Inventors: 


Bahnhofsvorplatz 1 (Deichmannhaus) 
50667 K<Un (DE) 


• YAIVIASHITA, IVIasaya 


Tolcyo194(JP) 





CO 

GO 
00 

o 

CL 
UJ 



(54) CELL AND PRODUCTION METHOD THEREOF 

(57) Disclosed is a battery comprising a positive 
electrode comprising a cathode active material layer, a 
negative electrode comprising an anode active material 
layer, and a porous separator disposed between the 
positive electrode and the negative electrode, wherein 
the positive electrode, the negative electrode and the 
separator are disposed in a casing oontairting an elec- 
trolyte, and wherein the porous separator comprises at 
least one layer of an aggregate fomi of particles of at 
least one insulating substance, the layer of the aggre- 
gate form of particles having a three-dimensional net- 
work of voids which function as pores of the porous 
separator and which are capable of passing ions there- 
through. The battery of the present Invention is advanta- 
geous not only in that the battery exhibits excellent 
discharge characteristics even at a high discharge cur- 
rent density without sacrificing safety, but also in that a 
large amount of active matenals can be accommodated 
in the battery per unit volume thereof, as compared to 
the amounts in the case of conventional batteries, so 
that the battery can exhibit a high performance. 



FIG. 4 
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Description 

BACKGROUND OF THE INVENTION 
S Field of the Invantinn 

The present invention relates to a novel battery and a method for producing the same. More particularly, the 
present invention is concerned with a battery comprising a positive electrode comprising a cathode active material 
layer, a negative electrode comprising an anode active material layer, and a porous separator disposed between the 
positive electrode and the negative electrode, wherein the positive electrode, the negative electrode and the separator 
are disposed in a casing containing an electrolyte, and wherein the porous separator comprises at least one layer of an 
aggregate form of particles of at least one insulating substance, the layer of the aggregate form of particles having a 
three<iimwi8ional network of voids which function as pores in the porous separator and which are capable of passing 
ions therethrough. The present invention is also concerned with a method for producing the above-mentfoned novel bat- 
tery. The battery of the present invention is advantageous not only In that the battery exhibits excellent discharge char- 
acteristics even at a high discharge cun-ent density without sacrificing safety, but also in that the amount of active 
materials which can be accommodated in the battery per unit volume thereof is large, as compared to the amounts in 
the case of conventional batteries. 

so Prior Art 

In recent years, various demands have been made on elecfrical appliances, wherein the electrical appliances 
should be reduced in size and weight, wherein they should have multifunctional ity and wherein they should be codeless 
(portable). For meeting these demands, development of high performance batteries has been vigorously studied Bat- 
25 teries can be generally classified into a primaiy battery which is not rechargeable and a secondary battery which is 
rechargeable so that it can be repeatedly used. Exanples of primary batteries include a manganese dioxide battery and 
an alkaline manganese dioxide dry cell. With respect to these primary batteries, various improvements have been 
made, and the pnmary batteries are used in a wide variety of fields. On the other hand, examples of secondary batteries 
include a lead storage battery, a nickel-cadmium battery and a nickel-hydrogen battery. Recently, a commerdal demand 
for a secondary battery, partfoularly a lithium ion secondary battery using a non-aqueous electrolytic liquid has been 
increasing, since the lithium ion secondary battery can exhibit high voltage and high capacity even In a compact and 
light weight form. 

The performance of the above-mentfoned batteries can be improved, for example, by increasing the amount of 
active materials and/or the amount of electi'olyte. which can be accommodated In a batt^ per unit volume of the bat- 
tery, or by improving the ton conductive property between the positive electrode and the negative electrode. 

Particularly, in the case of a battery using a non-aqueous elecb-olytic liquid (such a battery is hereinafter frequently 
referred to simply as a "non-aqueous battery"), such as the above-mentioned lithium fon secondary battery, since the 
non-aqueous liquid used in such a battery has a poor ion conductive property as compared to an aqueous electrolytic 
liquid. It IS desired to improve the ion conductive property between the positive electrode and the negative electrode 
For this purpose, generally, such a battery is designed to have a construction in which a plurality of unit cells (each com- 
prising a positive electrode, a negative electrode and a separator) are laminated, or a consti-uction in which a unit cell 
is spirany wound Into a spirally wound structure, so as to increase the effective area of electi-odes, at which the positive 
electrode and the negative electrode face each other. However, a satisfactory improvement in the ion conductive dtod- 
erty has not yet been achieved. 

As an example of the most effective methods for achieving an improvement in the ion conductive property, there 
can be mentioned a method in which a separator having a small thickness and an exceOent ton permeability Is used 

As a separator used in a conventional battery, generally, use is made of a miaoporous film made of a polyolefin 
resin, such as polyethylene or polypropylene. For ei^mple. as described in Unexamined Japanese Patent LakJ-Open 
Specification No. 3-105851. the above-mentioned microporous film can be produced by a method In which a molten 
mixture compnsing a polyolefin resin composition is extruston-molded Into a sheet, substances other than the polyolefin 
resin are removed from the sheet by extraction, and the resultant sheet is subjected to stretching. 

The above-mentfoned resin f flm separator needs to have a mechanical strength such that occurrence of the break- 
age of tile separator can be avoided during the production of a battery. Due to such a required mechanical strength it 
IS difficult to reduce the thickness of the separator to less than a certain thickness. Therefore, in the case of the sbo^e- 
mentioned non-aqueous battery (such as a lithium Ion secondary battery) having a consti-uction in which a plurality of 
unit cells are laminated, or a construction in which a unit cell is spirally wound into a spirally wound structure the 
amount of the unit cell which can be accommodated in the battery per unit volume thereof Inevitably becomes small due 
to the restriction in respect of reduction of the thickness of the separator. Further, even when it is attempted to improve 
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the Ion conductive property between the positive electrode and the negative electrode by increasing the porosity of the 
conventional resin film separator, satisfactory results cannot be obtained (see Comparative Example 1 of the present 
specification) (the reason for this has not yet been elucidated). The above-mentioned separator made of a resin film Is 
also disadvantageous in that the resin film separator has poor durability. Therefore, when such a separator is used in a 
secondary battery, the separator is deteriorated during the repetition of the charge/discharge operations, so that the 
cyde characteristics of the battery become poor (see Comparative Example 3 of the present specification). Further, in 
a battery using a conventional separator, use must be made of a large amount of the separator which is produced by 
the above-mentioned cumbersome, costJy method, so that the ratio of the cost for the separator to the total cost for the 
battery becomes relatively high. Therefore, especially in the case of the above-mentioned non-aqueous battery, such 
as the lithium ion secondary battery, in which the conventional resin film separator is used, a large area of separator is 
needed due to the above-mentioned unique construction of such a battery and the cost for the separator becomes dis- 
advantageously high, thereby rendering high the production cost for the battery. 

SUMMARY OF THE INVgNTinM 

The present inventors have made extensive and intensive studies with a viewtowaid developing a battery which is 
free from the above-mentioned problems and which not only has high performance and high safety, but also can be pro- 
duced at low cost As a result, it has unexpectedly been found that a specific battery as defined below Is advantageous 
not only in that the battery exhibits excellent discharge characteristics even at a high discharge current density without 
saaificing safety, but also in that a large amount of active materials can be accommodated in the battery per unit vol- 
ume thereof, as compared to the amounts in the case of conventional batteries. Such a specific battery comprises a 
positive electrode comprising a cathode active material layer, a negative electrode comprising an anode active material 
layer, and a porous separator disposed between the positive electrode and the negative electrode, wherein the positive 
electrode, the negative electrode and the separator are disposed in a casing containing an electrolyte, and wherein the 
porous separator comprises at least one layer off an aggregate form of particles of at least one Insulating substance, the 
layer of the aggregate form of particles having a three-cfimensional network of voids which function as pores in the 
porous separator and which are capable of passing ions therethrough. The present invention has been completed, 
based on the above novel findings. 

Accordingly, it is a primary object of the present invention to provide a high perfonmance battery which is advanta- 
geous not only in that the battery exhibits excellent discharge characteristics even at a high discharge current density 
without sacrificing safety, but also in that a large amount of active materials can be accommodated in the battery per 
unit volume thereof, as compared to the amounts in the case of conventional batteries. 

It is another object off the present bivention to provide an advantageous method for producing the abovementioned 
high performance battery. 

The foregoing and other objects, features and advantages of the present invention will be apparent from the follow- 
ing detailed description taken in connection with the accompanying drawings and the appended claims. 

Brief Description of the Drawinos 
In the drawings: 

Fig. 1(A) is a diagrammatic cross-sectional view showing the structure of a unit cell off a conventional battery in 
which a conventional s^rator is used. 

Fig. 1 (B) is a diagrammatic cross-sectional view showing the structure of a unit cell of another conventional battery 
in which a conventional separator Is used. 

Fig. 2 is a diagrammatic aoss-seclfonal view showing the structure of a unit cell of a battery according to one 
embodiment of the present invention. 

Fig. 3 is diagrammatfc cross-secttonal view showing the structure of a unit cell of a battery according to another 
emtxxliment of the present invention. 

Fig. 4 is a diagrammatic cross-sectional view showing the stmcture of a unit cell of a battery according to sUII 
another embodiment of the present invention. 

Fig. 5 is a diagrammatic cross-secttonal view showing the structure of a unit cell of a battery accoiding to still 
another embodiment of the present inventfon. 

Fig. 6 is a diagrammatic cross-secttonal view showing the structure of a unK cell of a battery accoixJing to still 
another embodiment of the present invention. 

Figs. 7(a) to 7(c) are diagrammatte aoss-sectionai views showing the respective structures of unit cells employed 
in Examples 1 to 7. respectively. 
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In Figs. 1 (A) to 7(c), like parts and portions are designated by like numerals. 
Description of the Reference NumeraiR 



1 : 


Ur^cell 


11 : 


Positive electrode 


11a : 


Current collector foil for positive electrode 


lib: 


Cathode active material layer 


12: 


Negative electrode 


12a: 


Current collector toil for negative electrode 


12b: 


Anode active material layer 


13: 


Conventional separator 


13A: 


Separator used In the present invention, which is directly formed, in an immobilized form, on the surface of a 




catiiode active material layer. 


13B: 


Separator used in the present invention, which is directly formed, in an immobilized form, on ttie surface of an 




anode active material layer. 


13C: 


Separator used in the present invention, which is directiy fbnned, In an Immobilized form, on each of the sur- 




face of a catiiode active material layer and the surface of an anode active material layer. 



DETAILED DESCRIPTION QF T HE PRESENT INVgrsmONI 



Essentially, accoiding to the present invention, there is provkled a battery comprising: 
a casing. 

an electrolyte contained In the casing, 

a positive electrode comprising a catiiode active material layer, 

a negative electrode comprising an anode active material layer, and 

a poroiffi separator disposed between the positive electrode and ttie negative electrode, wherein two opposite sur- 
faces of the porous separator face tfie catiiode active material layer and the anode active material layer, respec- 
tively, 

the positive electi-ode, the negative electrode and the separator being disposed in the casing, operatively witti tiie 
electrolyte, 

the porous separator comprising at least one layer of an aggregate form of particles of at least one insulating sub- 
stance, wherein the at least one layer of tiie aggregate form of particles has a ttiree<jimensional networt^ of voids 
whteh function as pores in the porous separator and which are capable of passing ions there-through. 

For an easy understanding of the present invention, ttie essential features and various preferred embodiments of 
the present Invention are enumerated below. 

1 . A battery comprising: 

a casing. 

an electrolyte contained in tiie casing. 

a positive electrode comprising a catiiode active material layer, 

a negative electrode comprising a anode active material layer. 

a porous separator disposed between the positive electrode and tine negative electrode, wherein two opposite 
surfaces of tiie porous separator iace the catiiode active material layer and tiie anode active material layer, 
respectively, 

the positive electrode, ttie negative electrode and tfie separator being disposed in the casing, operatively witti 
the electrolyte. 

the porous separator comprising at least one layer of an aggregate form of particles of at least one insulating 
substance, wherein ttie at least one layer off the aggregate form of particles has a three-dimensional networl< 
of voMs which function as pores in the porous separator and which are capable of passing Ions ttiere-through. 

2. The battery according to item 1 above, wherein the porous separator further comprises a binder which is mixed 
with the particles to tiiereby bind the particles togetiier. 

3. The battery according to item 1 or 2 above, wherein ttie porous separator is directly formed. In an immobilized 
form, on at least one active material Icyer selected from ttie group consisting of the catiiode active material layer 
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and the anode active material layer. 

4. The battery according to any one of items 1 to 3 above, wherein the porous separator has a porosity of 10 % or 
more as measured in the dry state of the porous separator. 

5. The battery according to any one of items 1 to 4 above, wherein the porous separator has an Ion conductive 
property ascribed to a factor other than the voids of the aggregate form of particles. 

6 The battery according to any one of items 1 to 5 above, wherein the insulating substance is an inorganic sub- 
stance. 

7. The battery according to any one of items 1 to 5 above, wherein the insulating substance Is an organic sub- 
stance. 

8. The battery according to any one of items 1 to 7 above, wherein the aggregate form of particles comprises par- 
ticles of at least two different Insulating substances. 

9. The battery according to any one of items 1 to 8 above, wherein the porous separator comprises at least two 
layers respectively comprised of different aggregate forms of particles. 

1 0. The battery according to any one of items 1 to 9 above, wherein the separator comprises a first separator layer 
compnsing at least one layer of an aggregate form of particles of at least one inorganic Insulating substance and a 
second separator layer comprising at least one layer of an aggregate form of particles of at least one organic Insu- 
lating substance, the first separator layer being directly formed, in an immobilized form, on one active material layer 
selected from the cathode active material layer and the anode active material layer, the second separator layer 
being directly formed. In an Immobilized form, on the other active material layer remaining between the cathode 

so active material layer and the anode active material layer. 

11 . The battery according to any one of Items 1 to 10 above, wherein the electrolyte is a non-aqueous electrolyte. 

12. The battery according to item 11 above, wherein the non-aqueous electrolyte contains lithium ions 

1 3. The battery according to item 1 1 or 1 2 above, wherein the cathode active material layer cormrlses lithium man- 
ganate. 

25 14. A method for producing a battery, comprising: 

(1) Individually providing a positive electrode comprising a cathode active material layer and a negative elec- 
t-ode comprising an anode active material layer; 

(2) coating a dispersion of a mixture of particles of at least one insulating substance and a binder for the par- 
tides in a dispersion medium on at least one active material layer selected from the group consisting of the 
catiiode active material layer and the anode active material layer; 

(3) removing, by evaporation, the dispersion medium of the dispersion coated on the at least one active mate- 
rial layer to form a layer of an aggregate form of the particles, wherein the particles are bound together by 
means of the binder, thereby providing a porous separator formed directly, in an immobilized form, on the at 
least one active material layer, wherein the layer of an aggregate fonm of particles has a three dimensional net- 
work of voids: and 

(4) disposing the positive electrode and tfie negative electrode, at least one of which has the porous separator 
formed on tiie active material layer thereof, in a casing so that the cattKXie active material layer and the anode 
active material layer are arranged, operatively with an electrolyte contained In the casing, in a positional rela- 
tionship opposite to each other through the porous separator fomied on the at least one active material layer. 

In the battery of the present Invention, the porous separator used therein, which comprises an aggregate form of 
particles of at least one Insulating substance, has a unique pore structure formed by a three<Jimensional network of 
voids formed in the aggregate form of the partwles. so that the separator allows the ions to be transmitted through the 
electrolyte contained in the pores of the separator, while preventing occunrence of short-circuiting between the cathode 
active material layer and the anode active material layer. The separator used in the present invention has high ion per- 
meability as compared to tiie com^entional polyolef in resin film separator. The reason for this is conskJered to be as fol- 
lows. In the paous separator used in the present invention, the above-mentioned unique pore structure formed by the 
three<f imensional network of voWs formed in the aggregate form of particles is more effective for achieving high ion per- 
meability tiian the pore structure of the conventional polyolefin resin film separator or the like. 

The above-mentioned insulating substance may be either an inorganic substance or an organic substance Exam- 
ples of Jnorganic substances include oxides. (e.g.. LigO, BeO. BgOa. NagO. MgO. AI2Q3. SiOg. P2O5, CaO. CroO.. 
Fe2O3.ZnO.2rO2 and TiOg). zeolite (e.g., M2yhO.AI2O3-xSiOfe.yH2O. wherein M represents a metal atom, such as 
Na. K Ga and Ba; n is a number conresponding to the electric charge of a positive ion M"* of the metal atom M- x and 
y are flie molar number of S1O2 and the molar number of HgO. respectively, and vi^erein 2^x^10 and 2 s y g 7) 
""^^f i^® ' ^'^^^ ^3^2). silicon carbide (SiC). zircon (ZrSi04). salts of carbonic acids (e.g.. MgCoJ 

and CaCOa). salts of sulfuric acids (e.g.. GaS04 and 63804). and composites of the above-mentioned compounds 
{ag.. porcelains, such as steatite (MgO-SiCy. forsterite (2MgO.Si02) and cordlerite (2Mg0*2Al2O3»5Si02 )) 
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Examples of organic substances include polyethylene, polypropylene, polystyrene, poly(vinyl chloride), poly(vinylidene 
chloride), polyacrylonltrile. poly(methyl methacrylate). polyacrylate, fluororesins {e.g.. polytetrafluoroethylene and 
poly(vinylidene fluoride)), polyamide resins, polyimide resins, polyester resins, polycarbonate resins, polyphenylene 
oxide resins, silicone resins, phenolic resins, urea resins, melamlne resins, polyurethane resins, pdyether resins {e.g.. 
poly(ethylene oxide) and polypropylene oxide)}, epoxy resins, acetal resins, acryfonltriie-styrene (AS) resins and aery- 
lonitrile-butadiene-styrene (ABS) resins. 

Generally, with respect to the particles of at least one insulating substance, it is preferred that the particles have 
high hardness. The use of a paous separator obtained using such particles having high hardness in a battery is advan- 
tageous for the following reason. Even when such a porous separator sustains a pressure caused by a volume increase 
of the active material layers, the porous separator is free from occurrence of a deformation of the pores, so that the 
porous separator does not suffer from a volume decrease of the pores. Therefbre. the amount of the electrolyte con- 
tained In each pore of the porous separator can be constantly maintained at the same level, so that the porous separa- 
tor does not suffer a lowering in the Ion conductive property. Therefbre. the battery using such a separator exhibits 
improved durability. 

Further, with respect to the particles of at least one insulating sitostance. it is preferred to use an insulating sub- 
stance having such a high heat resistance as represented by the melting point of 200 or more, for example a-AlaOa 
(melting point: 2055 ''C) and polyimide resins (heat resistant resins which do not undergo dissolution, melting or decom- 
position at a temperature of from 250 to 400 •C). By the use of particles of such an insulating substance having high 
heat resistance. It becomes possible to obtain a separator having high heat resistance as compared to conventional 
separator materials, such as a polyethylene microporous film (melting point: about 140 «C) and a polypropylene micro- 
porous film (melting point: about 180 *C). 

With respect to the average partide diameter of the above-mentioned particles of at least one insulating substance, 
it is preferred that the average particle diameter is from 5 nm to 100 ^m, more preferably from 5 nm to 10 mhi, most pref- 
erably from 5 nm to 1 jim. 

With respect to the thickness of the above-mentioned porous separator, there is no particular limitation. However, 
it is preferred that the thickness of the separator is from 100 nm to 100 pm. more preferably from 100 nm to 10 nm. 

In the present Invention, it is preferred that the porous separator further comprises a binder which is mixed with the 
particles to thereby bind the particles together. 

Examples of binders include latexes (e.g.. a styrene-butadiene copolymer latex and an acrylonitrilebutadiene 
copolymer latex), cellulose derivatives (e.g., a sodium salt of carboxymethylcellulose), fluororubbers (e.g., a copolymer 
of vinylidene fluoride, hexaf luoropropylene and letrafluoroethylene) and fluororesins {e.g., poly(vinyiidene fluoride) and 
polytetrafluoroethylene). 

With respect to the amount of the above-mentioned binder, it is preferred that the binder is used in an amount of 
from 1/500 to 5^3. more preferably from 1/500 to 1/2, most preferably from 1/500 to 1/5. In terms of the volume ratio of 
the binder to the particles of at least one insulating substance. 

In the present invention, it is prefen-ed that the porous separator used in the battery is directly formed, in an immo- 
bilized from, on at least one active material layer selected from the group consisting of the cathode active material layer 
and the anode active material layer. 

With respect to the conventional battery, In which a microporous resin film is used as a separator, the separator 
needs to be handled as an independent film. Therefore, such a separator used in the conventional battery needs to 
have high mechanical strength so as to avoid breakage of the separata during the handling thereof. For this reason, it 
has conventionally been difficult to reduce the thickness of a separator to a level less than 25 jim. On the other hand, 
in the case of the battery of the present invention, which has a construction In which the separator is directly formed, iri 
an immobilized form, on the active material layer, the separator need not be handled as an Independent film during the 
production the battery, so that a separator having an extremely small thickness can be employed. Therefore, by the use 
of the above-mentioned construction, it becomes possible not only to Increase the amount of active materials which can 
be accommodated in the battery per unit volume thereof, but also to reduce the internal resistance of the battery (the 
low internal resistance of the battery has a favorable effect of lowering tiie overvoltage. thereby markedly improving the 
input/output characteristics of the battery). 

It Is preferred that the porosity of the above-mentioned porous separator Is 1 0 % or more, more preferably 20 % or 
more, most preferably 40 % or more, as measured in the dry state of the porous separator. With respect to the porosity 
of the porous separator, the higher the porosity, the higher the ion conductive property of the porous separator. There- 
fore, ft is prefen-ed that the porous separator has a porosfty as high as possible. However, when the porosity of the 
porous separator is too high (especially, in the case of a porous separator having a small thickness), it is difficult to pre- 
vent occun^ence of the short-circurting between the positive elect-ode and tiie negative electrode. Therefore, from a 
practical point of view, it is preferred that the porosity of the porous separator is not higher tfian 90 %. 

The above-mentioned porosity of the porous separator can be measured as follows. In the case of a separator 
which is fanned in an independent form, the porosity of the separator can be measured by means of a mercury porosim- 
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eter. On the other hand, in the case of a separator which is tormed, in an immobilized form, on at least one active mate- 
rial layer and which cannot be separated from the active material layer(s). the porosity of such a separator can be 
determined by the following method. The separator Is impregnated with a resin solution so as to fill the pores of the sep- 
arator with the resin soluton. followed by curing the resin. The resuHanl separator having pores thereof filled with the 

5 cured resin is cut to obtain a cross section of the separator in which the ctoss sections of the cured resin-filled pores 
are exposed. A photograph of the cross section thereof is taken by means of a scanning electron microscope (SEM). 
The obtained photograph of the cross section of the separator is examined to obtain the ratio (%) of the sum of the 
respective cross-sectional areas of the cured resin-filled pores to the entire area of the cross section of the separator. 
In practice, with respect to each of ten or more different cross-sedional portions of the separator which each include a 

10 number of cured resin-filled pores, the ratio {%) of the sum of the respective cross-sectional areas of the cured resin- 
filled pores to the entire area of the cross section of each of the different portions of the separator is obtained in sub- 
stantially the same manner as mentioned above, and the average value of the obtained ratios is d^ined as the porosity 
of the separator. 

In the present invention, the above-mentioned separator may have an ion conductive property attributed to a factor 
16 other than the voids of the aggregate form of particles of at least one insulating substance. 

Examples of methods fbr obtaining such separators, which have an ion conductive property attributed to a factor 
other than the voids of the aggregate form of particles, include a method in which porous particles of at least one insu- 
lating substance are employed: a method in which use is made of particles of at least one insulating substance which 
has, In the skeletal structure thereof, voids which allow the molecules of the electrolyte to pass therethrough (e.g.. a 
20 zeolite); a method in which use is made of insulating substance particles and/or another substance used in a mixture 
of the particles, which can be swollen with an electrolytic liquid {e.g., polyaaylonitrile, poly(methyl methacrylate) and 
poly(vinyrdene fluoride)}; and a method in which use is made of particles of at least one insulating substance and/or 
another substance used in a mixture of the particles, wherein the insulating substance and/or another substance is a 
material, e.g., a composite of an alkaline metal salt with poly(ethylene oxide), poly(propylene oxide), a polyphosp- 
25 hazene or the like, namely a material obtained by impregnating a solid with a solution of an electrolyte in a solvent, and 
removing the solvent by evaporation from the impregnated solid. 

In the embodiment mentioned in item 8 above, use is made of a porous separator comprising an aggregate form of 
particles of at least two different insulating substances. In the embodiment mentioned in item 9 above, use is rnade of 
a porous separator comprising at least two layers respectively comprised of different aggregate forms of particles. In 
so the embodiment mentioned in item 10 above, use is made of a porous separator oomprislng a first separator layer com- 
prising at least one layer of an aggregate fbrm of particles of at least one inorgante insulating substance and a second 
separator l^er comprising at least one layer of an aggregate fbmi of particles of at least one organic insulating sub- 
stance. The term "different" used herein is intended to indicate that the chemical compositions are different and that the 
properties, such as melting point are different despite the fact that the chemical compositions are the same. AccorcJIng 
35 to each of the above-mentioned embodiments, it is possible to impart the separator with tiie ability to function as a fuse. 
As an example of the batteries according to the embodiment of item 8 above there can be mentioned a l>attery in which 
the layer of an aggi;egate fbrm of particles comprises a mixture of particles of an inorganic oxide having a high melting 
point (e.g.. 1,000 or more) and particles of a resin having a low melting point (e.g., 200 or less). As an exarnple 
of the batteries according to tiie embodiment of item 10 above, tiiere can be mentioned a battery in which the separator 
40 comprises a first separator layer of an aggregate form of particles of an inorganic oxide having a high melting point (e.g. , 
1 ,000 or more) and a second separator layer of an aggregate fbrm of particles of a resin having a low melting point 
{e.g.. 200 *'C or less), wherein the first separator layer Is directiy formed, in an immobilized fbrm, on the cathode active 
material layer and the second separator layer is directiy formed, in an Immobilized fbrm, on the anode active material 
layer. When tiie battery according to the embodiment of each of items 8 and 10 above is caused to have a high temper- 
as ature, only the resin particles contained in the separator are melted and the resultant molten resin closes the voids of 
the separator to thereby shut off the cunrent (i.e., the separator functions as a fuse), so that the safety of the battery can 
be secured. 

With respect to the type of the battery of the present invention, there is no particular limitation, and tiie battery of 
the present invention may be, for example, a primary battery, such as a manganese dioxide-lithium battery and a graph- 
so Ite fluoride-lithium battery; a secondary battery using an aqueous electrolytic liquid, such as a lead storage battery, a 
nickel-cadmium battery and a nickel-hydrogen battery; or a secondary battery using a non-equeous electrolytk; liquid, 
such as a lithium ion secondary battery. 

With respect to the casing usable in the battery of the present invention, there is no particular limitation. Exanples 
of casings Include a can made of aluminum, stainless steel, iron or nickel; a plated can made of iron; a casing fbnued 
55 from a material having a laminate structure; and a casing formed from a resin film. 

In tiie case of a battery of ttie present invention, which is a primary battery, tiie positive electrode, tiie negative elec- 
trode and the electrolyte may be those which are prepared by conventional techniques. For example, when tiie battery 
of the present invention is a manganese dloxide*lithium battery, use can be made of a positive electrode prepared using 
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manganese dioxide, a negative electrode prepared using metallic lithium, and an electrolyte prepared by dissolving a 
lithium salt in an organic solvent. When the battery of the present invention is a graphite fluoride-lithium battery, use can 
be made of a positive electrode prepared using a graphite fluoride, the same negative electrode as In the above-men- 
tioned manganese dioxide-lithium battery, and the same electrolyte as In the above-mentioned manganese dlooclde-lith- 
5 ium battery. 

Also, in the case of the battery of the present invention which is a secondary battery, the positive electrode, the neg- 
ative electrode and the electrolyte may be those which are prepared by conventional techniques. For example, when 
the battery of the present invention is a lead storage battery, use can be made of PbOg as a cathode active material, 
Pb as an anode active material, and an aqueous solution of H2SO4 as an electrolytic liquid. When the battery of the 

10 present invention Is a nickel-cadmium battery, use can be made of NiOOH as a cathode active material. Cd as an anode 
active material, and. as an electrolytic liquid, an aqueous solution of KOH which contains UOH or NaOH In a small 
amount When the battery of the present invention is a nickel-hydrogen battery, use can be made of the same cathode 
active material as in the nickel-cadmium battery, hydrogen (e.g., a metal alloy having hydrogen occluded therein) as an 
anode active material, and the same electrolytic Ik^uid as In the above-mentioned nickel-cadmium battery. 

IS With respect to the battery of the present invention, wWch is a lithium Ion secondary battery, a detailed explanation 
is made below (the explanation Is made mainly about the cathode active material, the anode active material, and the 
electrolyte). 

In the lithium Ion secondary battery, as a current collector for the positive electrode, for example, a metallic foil, such 
as an aluminum foil, a titanium foil, or a stainless steel foil, can be used. Of the above-mentioned metallic foils, an alu- 

20 minum foil is preferred. As a current collector for the negative electrode, fbr example, a metallic foil, such as a copper 
foil, a nickel foil, or a stainless steel foil, can be used. Of the above-mentioned metallic foils, a copper foil is preferred. 

In the lithium ion secondary battery, as a cathode active material, a composite metal oodde of Li and a transition 
metal (such as Co, Ni. Mn, and Fe), and a conrposlte metal oxide of Li. a transition metal and a non-transition metal can 
be used. Examples of oonposrte metal oxides include a IHhium-containing composite metal oxide having a lamellar 

25 structure and having the ability to electrochemically intercalate and deintercalate Li ions. Examples of lithium-containing 
conposite metal oxides include LiCo02 as disclosed in Unexamined Japanese Patent Application Laid-Open Specifi- 
cation No. 55-136131 (corresponding to U.S. Patent No. 4,357.215); U,NiyCo^i.y)02 wherein OSxsi.andOSysi. 
as disclosed in Unexamined Japanese Patent Application Laid-Open Specification No. 3-491 55; and LixMr^04 wherein 
OSx^l. 

30 These compounds can be easily obtained by a cateination reaction of a lithium compound, such as lithium hydrox- 
ide, lithium oxide, litiiium carbonate, lithium nitrate or the like, with a metal oxide, a metal hydroxkle, a metal carbonate, 
a metal nitrate or tiie like and. if desired, with other metal compounds. 

In the lithium ion secondary battery, as an anode active material, a carbonaceous material, such as a coke, a 
graphite, and an amorphous carbon, can be used. The above-mentioned cartwnaceous material may be in various 

35 forms, such as crushed particles, lamellar particles and spherical particles. With respect to the type of carbonaceous 
material, there is no particular limitation, and various types of caitx)naceous materials can be used. Examples of car- 
bonaceous materials include a carbon or graphite material having a large surfeK;e area as diseased in Unexamined 
Japanese Patent Application Laid-open Specification No. 58-35881 (conresponding to U.S. Patent No. 4,617,243), a 
cateination-carbonfzed product of a phenolic resin and the like as disclosed in Unexamined Japanese Patent Applica- 

40 tion Laid-Open Specification No. 58-209864, and a calcination-carbonized product of a condensed polycyclic hydrocar- 
bon compound as disclosed in Unexamined Japanese Patent Application Laid-Open Specification No. 61-111907 
(corresponding to U.S. Patent No. 4,725. 422). 

Witii respect to the non-aqueous electrolytic liquid used in the lithium ion secondary battery, there is no particular 
linfiitation. The non-aqueous electrolytic liquid can be prepared by dissolving the electrolyte as mentioned below in an 

45 organic solvent. Examples of electrolytes include UCIO4, UBF4, UAsFg. CF3SQ3U, (CF^^z^ • Ui UPFg, Ul, UAICI4, 
Naa04. NaBF4. Nal.(n-Bu)4NCI04, {n-Bu)4NBF4 and KPFg. It is preferred that the concentration of the electrolyte in 
the organic electrolytic liquid is from about 0.1 to about 2.5 mol/liter. Examples of organic solvents include ethers, 
ketones, lactones, nitriles, amines, amides, sulfur compounds, chlorinated hydrocarbons, esters, carbonates, nitro 
conpounds. phosphoric ester compounds and sulfolane compounds. Among the above-mentioned organic solvents, 

so etiiers, ketones, nitriles. chlorinated hydrocait>ons. carbonates and sulfblane conY)ounds are preferred, and cyclic car- 
bonates are especially preferred. Representative examples of cyclic carbonates include tetrahydrofuran. 2-methyltet- 
rahydrofuran, 1,4-dioxane, anisol, monoglyme, acetonitrile, propionitrile, 4-methyl-2-pentanone, butyronitrile, 
valeronitrile, benzonitrile, 1,2-dichloroethane, y-butyrolactone, dimethoxyethane, methyl formate, propylene carbonate, 
ethylene carbonate, diethyl caibonate, dimethyl carbonate, methyl ethyl cari&onate, vinylene carbonate, dimethylforma- 

55 mide. dimethylsuHoxide. dimethylthioformamide, sulfolane. 3-methylsulfolane, trimethyl phosphate, trietiiyl phosphate, 
and mixtures thereof. The organic solvents usable in the present invention are not limited to those which are mentioned 
above. 

Witti respect to a non-aqueous battery, such as the above-mentioned litiiium ion secondary battery, the non-aque- 
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ous riquid used therein has a poor ion conductive property. Therefore, for the purpose of improving the efficiency of Ion 
conduction between the posHive electrode and the negative electrode, the conventional non-aqueous battery has a 
construction in which a plurality of unit cells as shown in Fig. 1 (A) are laminated, or a construction in which a unit cell 
as Shown in Fig. 1 (A) is spirally wound into a spirally wound structure. The above-mentioned unit cell as shown in Rg 
1(A) comprises: positive electrode 1 1 comprising current coflector foil 1 la (for the positive electrode) having both sur- 
respective cathode active material layers 1 lb, 1 1b: negative electrode 12 conprising current 
collector toll I2a (for the negative electrode) having both surfaces thereof coated with respective anode active material 
layers 12b. 12b; and resin film separator 13 disposed between cathode active material layer lib and anode acUve 
material layer 12b. As already mentioned above, the use of resin iim separator 13 has the following disadvantage 
Since resin film separator 13 needs to be handled as an independent film during the production of the battery, ttie sep- 
arator needs to have high mechanical strength so as to avoid breakage of the separator during the handling thereof 
' !?. fj?'®;®**" separator needs to have a relatively large thickness so as to achieve high mechanical strength 
and It IS difficult to use a resin flm separator having a thickness of less than 25 pm in a battery When such a separator 
ha\rtng a relatively large thickness is used in the above-mentioned non-aqueous battery having a construction as men- 
tioned above, the amount of the active materials which can be accommodated in the battery per unit volume thereof 
becomes smaU due to the relatively large thickness of the separator. In contrast when the porous separator used in the 
present inventfon is emptoyed for producing a non-aqueous battery having a oonstrucUon as mentioned above instead 
of resin film separator 1 3, K becomes possible to obtain a high performance battery, in which the amount of active mate- 
nals which can be accommodated in the battery per unit volume thereof is markedly increased and the ion conduction 
l)etween the positive electrode and the negative electrode is markedly improved. Further, the above-mentioned conven- 
tonal nonaqueous battery, in which the resin f Bm separator is used, is also disadvantageous in that the resin film sep- 
arator which IS a relatively expensive component among the components of the battery needs to be used in a large 
amount so that the production cost for the battery inevitaUy becomes high. On the other hand, the porous separator 
used in the present inventfon can be obtained at low cost Theretore. by the use of the porous separator used in the 
present inventfon. it becomes possible to produce the above-mentfoned high performance battery at fow cost. 

VVith respect to the method for producing the porous separator used in the present invention, there is no particular 
limltaton. The porous separator can be produced, for example, by the method described below with reference to Fig. 
2. Separator 13A can be produced by a method conprlsing forming cathode active material layers 1 lb and 1 1 b on both 
surfaces of current collector foil 1 la for a positive electrode by a conventional method, to thereby obtain positive elec- 
trode 1 1 : forming a layer of an aggregate form of particles of at least one insulating substance on the surface of each 
cafliode active material layer 11^ which layer of the aggregate form of particles serves as separator 13A. Specific 
examples of methods for forming separator 13A include a method in which particles of at least one insulating substance 
are uniformly coated on ttie surface of each cathode active material layer 1 lb. followed by bonding the particles to the 
surface of each cathode active material layer l lb by means of a roll press, to thereby form a layer of an aggregated 
form of particles, which serves as separator 1 3A; and a method in which a dispersion of a mixtore of particles of at least 
one insulating substance and a binder for ttie particles in a dispersion medium is uniformly coated in a predetemiined 
thictoiess on the surface of each cathode active material layer 1 1 b. followed by heating the coated dispersion to remove 
ttie dispersion medium by evaporation, to thereby form a layer of an aggregate fbmi of particles which serves as sepa- 
rator 13A. in the case of the above-mentioned method in whfch a dtepersion of ttie mixture of partteles of at least one 
insulating substance and a binder is used, ttiere is no particular limitation witii respect to tiie dispersfon medium as tong 
as tiiB foDowmg ttiree requirements are satisfied: that is. (0 ttie particles of at least one insulating substance be insolu- 
ble in the disperston medium, (il) a binder for the particles be soluble In ttie dispersion medium, and (iii) ttie dispersion 
medium can be evaporated by heating at an appropriate temperatore. Examples of dispersion media include ethyl ace- 
tate, ethylene glycol monoettiyl ether (2-elhoxyethanol), 1-mettiyl-2-pym)lidone (NMP), N,N-dimethylfbmiamide (DMF) 
dimetfiyl sulfoxide (DMSO). tebBhydrofuran (THF) and water. With respect to ttie time and tenpereture for ttie removal 
of the dispersion medium by heating, there is noparticUar limHatton. as long as ttie partteles of ttie Insulating substance 
are not deformed or melted. However, ttie removal of ttie dispersfon medium by heating is generally conducted at a tem- 
perature offromS0to200«Cfor5to30 minutes. Further, witti respect to the solids (particles of the insulating sub- 
stance) content of the above-mentioned dispersion, there is no particular limitation. However. It is prefen-ed ttiat ttie 
solKte content is from 40 to 60 % by weight, based on ttie weight of the dispersion. 

The porous separator obtained by ttie above-mentioned mettiods. in which ttie morphology of each of ttie particles 
constituting the aggregate form ttiereof is the same as ttiat before ttie particles are toricated Wo ttie aggregate from 
ttiereof. is fundamentally different from a separator obtained by a mettiod in which particles of an insulating substance 
are heated to ttiereby melt-bond (sinter) «ie particles to each ottier. In ttie present invention, each of the particles con- 
strtuting ttie aggregate form ttiereof maintains its original morphology (i.e.. ttie morphology of the particle before ttie fab- 
ncation of the particles into the aggregated form ttiereof), in which ttie particles are not melt-bonded to each ottier and 
no chemical bond Is formed between ttie partteles. 

When a unit cell having a structure as shown in F^. 2 (which comprises a positive electrode having separatore 1 3A. 



9 



EPO 848435 A1 

13A on both sides thereof, and a negative electrode formed of a current collector 12a having anode active material lay- 
ers 12b and 12b on both sides of current collector 12a) is used in the battery of the present invention, for example, such 
a unit cell can be used in the form of a spirally wound structure in which the unit cell is spirally wound so that the neg- 
ative electrode of the wound unit cell is positioned on the side of the outer surface of each wind of the spirally wound 
structure, or in the fam of a laminate structure in which a plurality of the unit cells are laminated so that each positive 
electrode 1 1 is positioned opposite to negative electrode 12 through separator 13A (i.e.. in tNs laminate stmcture each 
separator 13A is disposed between positive electrode 1 1 and negative electrode 12. wherein two opposite surfaces of 
the separator face cathode active material layer 1 lb and anode active material layer 12b, respectively). 

As already mentioned above, with respect to separator 13A as shown in Fig. 2, which is directly formed in an 
immobilized form, on the active material layer of the electrode, such a separator need not be handled as an independ- 
ent film during the production of a battery. Therefbre. the separator may have an extremely small thickness and the 
lower limit of the thickness of the separator Is not particularly limited as long as a predetemiined porosity of the sepa- 
rator can be achieved and maintained, and occurrence of short-circuiting can be prevented. Separator 13A having an 
extremely small thickness can be obtained by using particles of the insulating substance having an appropriate average 
partide diameter. For example, by using particles of the insulating substance, which have an average particle diameter 
of 1 fxm or less, separator 13A having a thickness of from 5 to 10 urn and a porosity off about 60 % can be obtained 

Further, in the case of the above-mentioned separator 1 3A which is obtained by using a mixture of a binder and the 
partides of insulating substance, and which Isdirectly formed, in an immobilized form, on the surface of an active mate- 
rial layer of an electrode, such a separator has high flexibility so that it continues to be stably positioned on the active 
material layer off the electrode without suffering slippage during the production of a battery. This is advantageous from 
the viewpoint of the efficiency in the production of a battery. It is difficult to obtain a separator having such high flexibility 
by a conventional technique, fa example, by a method in which the particles of the insulating substance are melt- 
bonded (sintered) to each other to form a separator. 

Next, in order to illustratively show the construction of the battery of the present invention, an explanation is made 
below about various embodiments off the present Invention witii reference to Rgs. 2 to 6. 

The unit cell shown in the above-mentioned Fig. 2. has a structure in which separators 13A. 13A are formed in an 
immobilized form, on the respective cathode active material layers 1 lb. 1 lb which are formed on botfi surfaces of cur- 
rent collector foil 1 la for positive electrode 11. Alternatively, the battery of the present invention may comprise a unit 
cell having a structure as shown in Fig. 3. in which separators 13B, 13B are formed, in an immobilized form, on the 

respective anode active material layers 12b, 12b which are formed on both surfaces of current collector foil 12a for neg- 
ative electrode 12. ^ 

Further, the battery of the present invention may comprise a unit cell having a structure as shown in Fig. 4. in which 
separators 13A. 13B are respectively fonned, in an immobilized form, on one of the two cathode active material layers 
lib. lib which are fomied on both surfaces of current collector 1 la for positive electrode 11. and on one of the two 
anode active material layers 12b, 12b which are formed on both surfaces of current collector 12a for negative electrode 
12, wherein cattiode active material layer lib (having separator 13A formed thereon) and anode active material layer 
12b (free of separator) are arranged opposite to each otfier through separator 13A. , 

Further, the battery of the present invention may comprise a unit cell having a structure as shown in Fig. 5, in which 
separators 13A. 13A are formed, in an immobilized form, on the respective cathode active material layers 1 lb, 1 lb 
which are formed on both surfaces off current coHector 11a for positive electrode 11 ; separators 13B, 13B are formed 
in an immobilized form, on ttie respective anode active material layers 12b. 12b which are formed on botii surfaces of 
current collector 12a for negative electrode 12, wherein either of catiiode active material layers 1 lb. 1 lb and either of 
anode active material layers 12b, 12b are arranged opposite to each otiier ttirough separators 13A and 13B to thereby 
form unit cell 1, In tfiis instance, two separators 13 A, 13A (famed on tiie respective cathode active material layers lib. 
1 1 b which are formed on both suriacee of current collector 1 la for positive electrode 1 1) may be tiie same or different! 
and two separators 1 3B. 1 3B (formed on tiie respective anode active material layers 12b. 1 2b which are famed on both 
surfaces of current collecta 12a for negative electrode 12) may be the same a different. The battery comprising tiie 
unit cell having a structure as shown in Rg. 5 has a douWe-separata structure (comprised of separators 13A, 138) 
formed between the cathode active material layer and ttie anode active material layer. Therefore, such a battery is 
especially advantageous for tiie following reason. Even when either or each of separata 13A and separator 13B of the 
above-mentioned double-separator structure suffers from pin hole phenomenon (i.e., a phenomenon in which holes 
extending along ttie tiiidgiesswise direction of a separata are formed), by virtue of the above-mentioned doUble-sepa- 
rator structure, tiiere is almost no probability that a hole fonned In one of the two separators communicates to a hole 
formed in the ottier of the two separators to fam a through-hole extending through both of tiie two separatas. There- 
fore, tiie above-mentioned battery is substantially free from the danger of occurrence of a short-circuiting between cath- 
ode active material layer 1 lb and anode active material layer 12b. 

Further, the battery of the present invention may comprise a unit cell having a structure as shown in Fig. 6. in which 
separata 13C is formed, in an immobilized form, on both of cathode active material layer 1 lb and anode active material 
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layer 12b. Examples of methods for producing separator 13C include: 
a method comprising: 

coating a dispersion of a mixture of particles of an insulating substance and a binder for the particles In a dispersion 
medium on the surfece of an active material layer of an electrode selected from the positive electrode and the neg- 
ative electrode. 

immediately after coating the surface of the active layer with the dispersion, laminating the resultant electrode (hav- 
ing the active material layer thereof coated with the dispersion) to the remaining other electrode so that the cathode 
active material layer and the anode active material layer are arranged opposite to each other through the above- 
mentioned coated dispersion, and 

removing, by evaporation, the dispersion medium by heating, so that separator 13C is formed. In an immobilized 
form, on both of the cathode active material layer and the anode active material layer; 
a method comprising: 

coating the above-mentioned dispersion on the surface of an active material layer of an electrode selected from the 
positive electrode and the negative electrode. 

drying the coated dispersion to form a separator layer on the active material layer. 

laminating the electrode having the active material layer (on which the separator layer is formed) to the remaining 
other electrode so that the cathode active material layer and the anode active material layer are aranged opposite 
to each other through the separator layer, to thereby obtain a laminate structure comprised of the positive elec- 
trode, the negative electrode and the separator layer disposed between the positive electrode and the negative 
electrode; and 

pressing the obtained laminate structure by means of a hot press under temperature conditions at which the binder 
for the particles can be melted, so that separator 13C is formed, in an immobilized form, on both of the cathode 
active material layer and the anode active material layer; and 
a method comprising: 

coating the above-mentioned dispersion on the surface of an active material layer of an electrode selected from the 
positive electrode and the negative electrode, 

drying the coated dispersion to form a separator layer on the active material layer, 
coating a solvent, which is capable of dissolving the above-mentioned binder, on the separator layer, 
laminating the electrode having the active material layer (on which the separator layer is fonned) to the remaining 
other electrode so that the cathode active material layer and the anode active material layer are arranged opposite 
to each other through the separator layer, to thereby obtain a laminate structure conprised of the positive elec- 
trode, the negative electrode and the separator layer disposed between the positive electrode and the negative 
electrode; and 

pressing and heating the obtained laminate structure, so that separator 13C is formed, in an immol>irized form, on 
both of the cathode active material layer and the anode active material layer. 

In the battery of the present invention, as shown in Figs. 2 to 6, the unit cell may comprise a plurality of cathode 
active material layers and a plurality of anode active material layers. Alternatively, as shown in Rgs. 7(a) to (c) (which 
are referred to in the Examples below), the unit cell may comprise a single cathode active material layer and a single 
anode active material layer, and such a unit cell may be used in the form of a laminate structure in which a plurality of 
unit cells are laminated, or In the form of a spirally wound structure in which a unit cell Is spirally wound. 

With respect to the method for producing the battery of the present invention, there is no particular limitation. How- 
ever, as a prefen-ed example of methods for producing the battery of the present invention, there can be mentioned a 
method comprising: 

(1) individually providing a positive electrode conprlsing a cathode active material layer and a negative electrode 
comprising an anode active material layer; 

(2) coating a dispersion of a mixture of particles of an insulating substance and a binder for the particles in a dis- 
perston medium on at least one active material layer selected firom the group consisting of the cathode active mate- 
rial layer and the anode active material layer; 

(3) removing, by evaporation, the dispersion medium of the dispersion coated on the at least one active material 
layer to form a layer of an aggregate of the particles, wherein the particles are bound together by means of the 
binder, thereby providing a porous separator formed directly, in an immobilized form, on the at least one active 
material layer, wherein the layer of an aggregate form of particles has a three dimensional network of voids; and 

(4) disposing the positive electrode and the negative electrode, at least one of which has the porous separator 
formed on the active material layer thereof. In a casing so that the cathode active material layer and the anode 
active material layer are arranged opposite to each other through the porous separator formed on the at least one 
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active material layer, operatlvely with an electrolyte contained in the casing. 

BEST MODE FOR CARRYING OUT THE iNVENTIQN 

Hereinbelow, the present invention will be described in detail witli reference to the following ExamfJIes and Com- 
parative Examples, which should not be construed as limiting the scope of the present invention. 

Example 1 

Using sample unit cells each having a structure as shown In Rg. 7(a), the charge/discharge cyde characteristics 
of the battery of the present invention were examined. 
Sheet electrodes were individually produced as follows. 

(Positive electrode) 

yCo02 as a cathode active material, a lamellar graphite and acetylene black, each as a filler, and a ftuororubber 
(a copolymer of vinylidene fluoride, hexafluoropropylene and tetrafluoroethylene: manufactured and sold, under the 
tradename "Miraflon", by Asahl Chemical Industry Co.. LTD., Japan) as a binder (UCo02/lamellar graphite/acetylene 
blacMluororubber weight ratio: 100/2.5/2.5/1,96) were mixed in a mixed solvent of ethyl acetate and ethyl cellosolve 
(ethy) acetate/ethyl cellosolve volume ratio: 1/3) to thereby obtain a slurry for coating. The obtained slun-y was applied 
to one surface of aluminum fbiM la (a current collector) having a thickness of 15 ^m. followed by drying. The resultant 
coated aluminum foil was pressed by means of a calender roll, to thereby obtain positive electrode 11 having 88 pm- 
tNck cathode active material layer 1 lb. 

(Negative electrode) 

A needle coke as a negative active material, carboxymethyl cellulose as a dispersing agent and a styrene-butadi- 
ene latex as a binder (needle coke/carboxymelhyl cellulose/styrene-butadiene latex weight ratio: 100/0.8/2.0) were 
mixed in purified water to thereby obtain a slun-y for coating. The obtained slun-y was applied to one surface of copper 
foil 12a (a current collector) having a thickness of 18 fim, followed by drying. The resultant coated copper foil was 
pressed means of a calender roll, to thereby obtain negative electrode 12 having 124 ^m-thlck anode active material 
layer 12b. 

(Aggregate form of particles of an insulating substance) 

An aggregate form of partk:les of an insulating substance was prepared by the method described below using the 
materials described below. 

(Materials used) 

Particles of an insulating substance: Particles of a-AlaOa having an average particle diameter of 0.5 nm. 
Binder: A fluororubber (Miraftan, manufactured and sold by /\sahi Chemical Industry Ca.LTD., Japan). 
Solvent: A mixed solvent of ethyl acetate and ethyl cellosolve (ethyl acetate/ethyl cellosolve volume ratio: 1/3). 

(Preparation method) 

A fluororubber (Miraflon) was dissolved in a mixed solvent of ethyl acetate and ethyl cellosolve to obtain a solution 
having a fluororubber content of 4.3 % by weight. Then, to the obtained fluororubber solution were added particles of 
a-Al203 to obtain a slun-y having a solids content of 45.3 % by weight. Using a doctor blade, the obtained slurry was 
applied, in a predetermined uniform thickness, to the surface of cathode active material layer 1 lb of positive electrode 
1 1 , followed by drying in an oven at 120 °C for 15 minutes, to thereby obtain separator 1 3A. wherein separator 13A was 
composed of a layer of an aggregate form of particles of a-AlgOs, and was directiy formed, in an immobilized form, on 
cathode active material layer 1 lb. Separator 13A had a porosity of 52 %. The porosity was measured by means of a 
mercury porosimeter (manufactured and sold by Shimadzu Corp.. Japan) with respect to a sample separator prepared 
in substantially the same manner as in the preparation of separator 13A, except that the sample separator was formed 
on a dish made of an aluminum foil and then, the obtained sample separator was peeled off from the dish. 

Positive electrode 1 1 having separator 13A (which was directly formed, in an immobilized form, on cathode active 
material layer 1 1 b) was fabricated so as to have a surftoe area of 1 .5 cm x 1 .0 cm. Negative electrode 12 was fabricated 
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so as to have a surface area of 1 .55 cm x 1 ,05 cm. (These surface areas are of the face-to-face surfaces of both elec- 
trodes.) 

Then, the obtained positive electrode sheet and the obtabied negative electrode sheet were combined so that cath- 
ode active material layer lib and anode active material layer I2b were arranged In a positional relationship opposite to 
each other through separator 13A formed on cathode active material layer 1 lb, to thereby obtain a sample unit cell hav- 
ing a structure as shown in Fig. 7(a). (Example 1 -A) In the obtained sample unit cell, the thickness of separator 1 3A was 
25 ^m. 

Another sample unit cell having a structure as shown In Rg. 7(b) was obtained in substantially the same manner 
as in Example 1-A, except that separator 13A was also formed on anode active material layer 12b. (Example 1-B) In 
the obtained sample unit cell of Fig. 7(b), the total thickness of the separators respectively formed on cathode active 
material layer llb and on anode active material layer 12b was 50 nm. Each of the obtained sample unit cells was 
immersed in an electrolytic liquid which had been prepared by dissolving UBF4 in a mixed solvent of propylene cartjon- 
ate (PC), etiiylene cart)onate (EC) and r-butyrolactone (^BL) (PC/EC/y-BL volume ratio: 1/1/2. and UBF4 concentra- 
tion: 1.0 moWiter), and the charge/discharge cycle test was conducted under the following conditions. 

(Charge^ischarge conditions) 

Temperature: 25 *C 

(1st cycle) 

Charge : The charging operation was conducted for 8 hours, in which the operation was started at a current density 
of 1.0 mA/cm2 and. after the voltage of the unit cell became 4.2 V, tiie current density was controlled so as to maintain 
the voltage at 42 V. 

Discharge: The discharging operation was conducted at a current density of 1 .0 mA/cm^ {corresponding to 1/3C, 
wherein 0 indicates the discharge rate (1.0C corresponds to a discharge current at which a fully charged battery can 
complete discharging in 1 hour)) until the voltage of the unit cell became 2.7 V. 

(2nd to 15th cycles) 

ChargejThe charging operation was conducted for 6 hours, in which the operation was started at a current density 
of 1.0 mA/cm^ and, after the voltage off tfie unit cell became 4.2 V, the current density was controlled so as to maintain 
the voltage at 4J2V. 

Discharge: The discharging operation v/as conducted at a current density of 1.0 mA/cm^ (con^esponding to 1/3C) 
until the voltage of the unit cell became 2.7 V. 

(16th and 17th cycles) 

Charge : The charging operation was conducted under substantially the same conditions as in the 2nd to 15th 
cycles. 

Discharge: The discharging operation was conducted at a current density of 3.0 nWcm^ (con^esponding to 1 OC) 
until the voltage of the unit cell became 2.7 V. 

(18th cyde) 



Charge : The charging operation was conducted under substantially tiie same conditions as in the 2nd to 15th 
cycles. 

Discharge: The discharging operation was conducted under substantially the same conditions as in the 2nd to 15th 
cycle& 

(19th cyde) 

Charge : The charging operation was conducted under substantially tiie same conditions as In the 2nd to 15th 
cydea 

Discharge: The discharging operation was conducted at a current density of 6.0 mA/cm^ (con-esponding to 2.0C) 
until the voltage of the unit cell became 2.7 V. 

Wrth respect to each of the sample unit cells, the discharge capacity lowering ratio (%) between the 1 5th cyde and 
the I6lh cyde and tiie discharge capacity lowering ratio (%) between the 18th cycle and tiie 19th cyde were calculated. 
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Results are shown in Table 1 . 
Comoaralive Example 1 

SarrvDle unit cells each having a structure as shown in Fig, 1 (B) was prepared as follows. 

Positive electrode 1 1 and negative electrode 1 2 were individually obtained in substantially the same manner as in 
Example 1. Positive electrode 11 and negative electrode 12 were fabricated so as to have a surface area of 1.5 cm x 
1 .0 cm and a surface area of 1 .55 cm x 1 .05 cm, respectively. (These surface areas are of the fece-to-face surfaces of 
both electrodes.) Then, the obtained positive electrode sheet, the obtained negative electrode sheet and separator 13 
{a microporous polyethylene (PE) film having a thickness of 25 and a porosity of 48 %J were combined so that cath- 
ode active nnaterial layer 1 1 b and anode active material layer 1 2b were arranged in a positional relationship opposite to 
each other through separator 13, to thereby obtain a sarnpie unit cell having a structure as shown in Rg 1(B) (Gom- 
paratVe Example 1 -A) 

Another sample unit cell was obtained in substantially the same manner as in Comparative Example 1-A. except 
that use was made of a microporous PE film having a thickness of 34 urn and a porosity of 63 % as separator 1 3. (Com- 
parative Example 1 -B) 

The porosity of each of the above-mentioned microporous PE films was calculated by the following formula: 

Porosity s (total volume of pores in the microporous fllnWolume of the microporous film) x 100 

wherein the total volume of pores is the value obtained by subtracting the weight of the microporous film in the 
dry state thereof from the weight of the microporous film in the wet state thereof in which the microporous film is impreg- 
nated with water. 

Each of the obtained sample unit cells was immersed in the same electrolytic Itqukf as in Example 1. and the 
chaipe/dlscharge cycle test was conducted under the same conditions as in Example 1. With respect to each of the 
obtained sample unit cells, the discharge capacity lowering ratio (%) between the 15th cyde and the 1 6th cycle and the 
discharge capacity lowering ratio (%) between the IStii cycle and the 19tii cyde were calculated. Results are shown in 
Table 1. 
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As can be seen from Table 1. the sample unit cell obtained in Example 1-A had a markedly small discharge capac- 
ity lowering ratio (%) between the 18th cycle (in which the discharge current density was 1/3C) and the 19th cycle (in 
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which the discharge current density was 1 .OC). as compared to the sample unit cell ot>tained in Comparative Example 
1-A m which the separator used had the same thickness as that of the separator used In Examples 1-A. That is the 
battery of the present invention has Improved discharge characteristics at a high current density, which are superior to 
those of a battery using a conventional microporous PE film separator. The reason for this is presumed to be as follows 
The separator used in the present invention, which comprises a layer of an aggregate form of particles of at least one 
Insulating substance, has a unique pore structure in which the morphology of the pores and the distribution of the pore 
diameters are different from those of the conventional microporous PE film separator, and the above-mentioned unique 
pore structure of the separator used in the present invention is more effective for achieving a high ion conductive prop- 
erty than the pore structure of the above-mentioned conventional separator. It is presumed that, due to such a high ion 
conductive property of the separator, the sample unit cell using the separator used in the present invention exhibits 
improved discharge characteristics at a high cun^ent density. This can be confirmed by the fact that the sample unit cell 
obtained in Example 1-B (which had a separator having a thickness which is much larger tfian those of the separators 
respectively obtained in Comparative Examples 1-A and 1-B). exhibited excellent discharge characteristics, as com- 
pared to the sample unit cells respectively obtained In Comparative Examples 1-A and 1-8. 

Furtiier, the sample unit cell obtained in Example 1-A has a markedly small discharge capadty lowering ratio (%) 
between tiie 18th cycle (in which the discharge cun'ent density was 1/3C) and the 19th cycle (in which the discharge 
current density was 2.0C). as compared to the sample unit cell obtained in Comparative Example 1-B which had a 
porosity which is higher than that of the separator used In the sanrple unit cell of Example 1-A and had a thickness 
which Is larger than that of the separator used In the unit cell of Example 1 -A. The reason for tiiis Is as follows. Although 
the separator used in the sample unit cell of Example 1-A had a porosity which is lower tiian that of the conventional 
separator used in the sample unit cell of Comparative Example 1-B. the separator used in the sample unit cell of Exam- 
ple 1-A had a tiiickness which is much smaller than that of the conventional separator used in ttie sample unit cell of 
Comparative Example 1-B (which necessarily has a large tfilckness so as to avoid breakage of the separator during the 
handling thereof). Due to such a small thtakness of the separator, the ion conductive property of the separator was 
improved, so that the sample unit cell obtained in Example 1-A exhibited improved discharge characteristics at a high 
discharge cunrent density. 



Example 2 



Using a sample unH cell having a structure as shown in Fig. 7(b) and a sample unit cell having a structure as shown 
in Fig. 7(c), the charge/discharge cycle characteristics of the battery of the present Invention were examined in substan- 
tially tiie same manner as In Example 1 . 

Sheet electrodes were individually produced as follows. 

(Positive electrode) 

UC0O2 as a cathode active material, a lamellar graphite and acetylene black, each as a filler, and a fluororubber 
as a binder (UCoOg/lamellar graphite/acetylene Wack/fluororubber weight ratio: 100/2.S/2.5/1.96) were mixed in a 
mixed solvent of ethyl acetate and ethyl cellosolve (ethyl acetate/etiiyl cellosofve volume ratio: 1^) to thereby obtain a 
paste for coating. The obtained paste was applied to one surface of aluminum foil 1 la (a current collector) having a 
thickness of15 jim. followed by drying. The resultant coated aluminum foil was pressed by means of a calender roll to 
thereby obtain positive electrode 1 1 having 87 jun-thlck cathode active material layer lib. 

(Negative electrode) 



A mesophase piteh carbon fiber graphite and a lamellar graphite, each as an anode active material . carboxymethyl 
cellulose as a dispersing agent and a latex as a binder (mesophase pitch carbon fiber graphite/lamellar graphite/car- 
boxymetiiyl cellulose/latex weight ratio: 90/1 0/1 .4/1 .8) were mixed in purified water to thereby obtain a paste for coating. 
The obtained paste was applied to one surface of copper foil 12a (a current collector) having a thickness of 12 urn, fol- 
lowed by drying. The resultant coated copper foil was pressed by means of a calender roll, to thereby obtain negative 
electrode 12 having 81 ^m-thick anode active material layer 12ti 

(Aggregate fomi of particles of an insulating substance) 

An aggregate fbmi of partx^les of an insulating substance was prepared by the mettiod described below using the 
materials described below. 
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. (Materials used) 

Particles of an insulating substance: Particles of a-AlgOg having an average particle diameter of 1 0 Mm 
Binder: Pdyvlnylldene fluoride (PVDF) (KF#1 loO. manufactured and sold by Kureha Chemical Industry Co.. Ltd.. 
Japan). 

Solvent: 1-methyl-2-pyrroIidone (NMP). 
(Preparation method) 

Particles of a-AlgOg and particles of PVDF (a-AlgOg/PVOF weight ratio: 100/5) were mixed with each other to 
obtain a powder mixture. Then, to the obtained powder mixture was added NMP to obtain a slurry having a solids con- 
tent of 56.8 % by weight. 

Using a doctor blade, the obtained slurry was applied, in a predeterntined uniform thickness, to each of the surface 
of cathode active material layer 1 1b of positive electrode 1 1 and the surface of anode active material layer 12b of neg- 
ative electrode 12, followed by drying in an oven at 120 '•C for 15 minutes, to thereby obtain separators 13A and 13B. 
wherein each of separators 13A and 13B was composed of a layer of an aggregate form of particles of a-AlgOg, and 
separators 13A and 13B were direcUy formed, in an immobilized fomi, on cathode active material layer 11 b and anode 
active material layer 12b. respectively. Each of separators 13A and 138 had a porosity of 52 %. The porosities of sep- 
arators 13A and 13B were measured by means of a mercury poroslmeter (manufactured and sold by Shimadzu Corp.. 
Japan) with respect to sample separators prepared in substantially the same manner as in the preparation of separator 
13A and the preparation of separator 138. respectively, except that each of the sample separators was formed on a dish 
made of an aluminum foil and then, peeled off from the dish. 

Positive electrode 11 having separator 13A (which was directly fbrmed, in an immobilized form, on the cathode 
active material layer 1 lb) was fabricated so as to have a surfece area of 1 .5 cm x 1 ,0 cm. Negative electrode 1 2 having 
separator 1 38 (which was directly formed, in an immobilized form, on anode active material layer 12b) was fabricated 
so as to have a surface area of 1 .55 cm x 1.05 cm. (These surface areas are of the face-to-face surface of both elec- 
trodes.) 

Then, the obtained positive electrode sheet and the obtained negative electrode sheet were combined so that cath- 
ode active material layer 1 lb and anode active material layer 12b were arranged in a positional relationship opposite to 
each other through separator 13A fonned on cathode active material layer 11b and separator 138 formed on anode 
active nrwterial layer 12b. to thereby obtain a sample unit cell having a structure as shown in Fig. 7(b). (Example 2-A) 
In the obtained sample unit cell, the total thickness of separators 13A and 138 respectively formed on cathode active 
material layer 1 lb and anode active material layer 12b was 25 

Another sample unH cell was obtained in substantially the same manner as In Example 2-A, except that the thick- 
ness of each of separators ISA and 138 was controlled so that the total thickness of separators 13A and 138 becomes 
10 ^m. (Example 2-B) 

Using positive electrode 1 1 , negative electrode 12 and a slurry (which is a material for the separator) each pre- 
pared in the same manner as in Examples 2-A and 2-B, stQI another sample unit cell having a structure as shown in Fig. 
7(c) was prepared as foflows. The above-mentioned slunry was applied to the surface of cathode active material layer 
lib of positive electrode 11. Subsequently, positive electrode 11 and negative electrode 12 were combined so that 
cathode active material fayer 1 lb and anode active material layer 1 2b were arranged in a positional relationship oppo- 
site to each other through the slurry coated on cathode active material layer 1 1 b. followed by drying to remove, by evap- 
oration, the solvent contained in the slun-y, to thereby obtain a laminate structure in which separator 13C was directly 
formed, in an immobilized form, on each of cathode active material layer 11 b and anode active material layer 12b. The 
laminate structure was fabricated so as to have a surface area of 1 .5 cm x 1 .0 cm. to thereby obtain a sample unit cell 
having a structure as shown in Fig. 7(c). (Example 2-C) In the obtained sample unit cell, the thickness of separator 13C 
was 25^. 

Each of the obtained sample unit cells was immersed in an electrolytic liquid which had been prepared by dissolv- 
ing UPFg in a mixed solvent of ethylene cart>onate (EC) and diethylene carbonate (DEC) (EC/DEC volume ratio: 1/1. 
and UPFg concentration: 1.0 mol/Iiter). and the charge/discharge cycle test was conducted under the conditions as 
mentioned below. 

In Comparative Example 2. a sample unit cell was prepared as follows. Positive electrode 1 1 and negative elec- 
trode 12 were individually obtained in substantially the same manner as in Example 2-A and Example 2-8. The 
obtained positive electrode 11 and the obtained negative electrode 12 were fabricated so as to have a surface area of 
1.5 cm x 1.0 cm and a surface area of 1.55 cm x 1.05 cm. respectively. (These surface areas are of the face-to-face 
surface of both electrodes.) Then, the obtained positive electrode sheet and the obtained negative electrode sheet were 
combined so that cathode active material layer 1 lb and anode active material layer 12b were arranged in a positional 
relationship opposite to each other through separator 13 which is a microporous polyethylene (PE) film having a thick- 
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ness of 25 urn and a porosity of 36 %, to thereby obtain a sample unit cell having a structure as shown in Fig. 1(B). Each 
of the obtained sample unit cells was immersed in the same electrolytic liquid as In Example 2. and the charge/dis- 
charge cycle test was conducted under the same conditions as in Example 2. 
The porosity of the microporous PE film was calculated by the fbllowing formula: 

Porosity = (total volume of pores in the microporous filnVvolume of the microporous film) x 100 

wherein the total volume of pores is the value obtained by subtracting the weight of the microporous film in the 
dry state thereof from the weight of the microporous film in the wet state thereof In which the microporous film is imoreo- 
10 nated with water. ^ 

With respect to each of the sample unit cells respectively obtained In Exanples 2-A. 2-B and 2-C. and Comparative 
Exarrple 2, the charge/discharge cycle test was conducted under the following conditions. 



IS 



so 



30 



(ChargsAdlscharge conditions) 

Ternperature:25<'C 
(IstcydetolOthcyde) 

Charge : The charging operation was conducted for 6 hours, in which the operation was started at a current density 
of 1 .0 mA/cm and. after the voHage of the unit cell became 4.2 V, the current density was controlled so as to maintain 
the voltage at 4.2 V. 

Discharge: The discharging operation was conducted at a current density of 1 .0 nWcm^ (corresponding to I^C) 
until the voltage of the unit cell became 2.7 V. 

(Ilthcyde) 

Charge : The charging operation was conducted under substantially the same conditions as in the 1st to 10th 
cydes. 

Discharge: The discharging operation was conducted at a current density of 3.0 mA/cm^ (corresponding to 1 OC) 
until the voltage of the unit ceil became 2.7 V. 

(12th cyde) 

35 Charge : The charging operation was conducted under sitetantially the same conditions as in the 1st to lOlh 
cydes. 

Discharge: The discharging operation ¥vas conducted under substantially the same conditions as in the 1st to 10th 

cydes. 

^0 (13th cyde) 

Charge : The charging operation was conducted under substantially the same conditions as In the 1st to 10th 
cydes. 

Discharge: The discharging operation was conducted at a current density of 6.0 mNca? (corresponding to 2 OC) 
46 until the voltage of the unit cell became 2.7 V. 

With respect to each of the sample unit cells obtained in Examples 2-A, 2-B, 2-C and Comparative Example 2, the 
discharge capacity lowering ratio (%) between the lOtii cycle and the 1 1tfi cycle and the discharge capacity lowering 
ratio (%) between tiie 12th cyde and tiie 13th cycle were calculated. Results are shown in Table 2. 

so 
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As can be seen from Table 2. the sample unit cell obtained in Example 2-A had a markedly smalt discharge capac- 
ity lowering ratio (%) between the 12th cycle (In which the discharge cun^ent density was 1/3C) and the 13th cycle (in 
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which the discharge current density was 2.0C), as compared to the sample unit cell obtained in Comparative Example 
2 in which the separator used had the same thickness as that of the separator used in Examples 2-A. That is, the bat- 
tery of the present invention has Improved discharge characteristics at a high current density, which are superior to 
those of a battery using a conventional microporous PE film separator. The reason for this is presumed to be as follows. 
The separator used in the present invention, which comprises a layer of an aggregate form of particles of at least one 
insulating substance, has a unique pore structure in which the morphology of the pores and the distribution of the pore 
diameters are different from those of the conventional microporous PE film separator, and the above-mentioned unique 
pore structure of the separator used in the present invention is more effective tor achieving a high ion conductive prop- 
erty than the pore structure of the above-mentioned conventional separator. It Is presumed that, due to such a high Ion 
conductive property of the separator, the sample unit cell using the separator used in the present invention exhibits 
improved discharge characteristics at a high current density. 

•me sample unit cell obtained In Example 2-B exhibited even more improved discharge characteristics at a high cur- 
rent density than the sample unit cell obtained in Example 2-A. Such improved discharge characteristics can be pre- 
sumed to be attributed to the small thickness of the separator used in the sanple cell of Example 1-B, which Is even 
smaller than the thickness of the separator used in the sample unit cell of Example 1 -A. 

Further, the sample unit cell obtained in Exarrple 2-C. wWch has a construction In which the separator was directly 
formed, in an immobilized form, on each of the cathode active material layer and the anode active material layer, also 
exhibited improved discharge characteristics. 

.Exgrpple 3 

A sample unit cell was obtained in substantially the same manner as in Example 2-A (Example 3), and another 
sample unit cell was obtained in substantially the same manner as in Comparative Example 2 (Comparative Example 
3). With respect to each of the obtained sample unit cells, the charge/discharge cycle test was conducted under the 
conditions as mentioned below. In Example 3 and Comparative Example 3. the charge/discharge tests were conducted 
in order to demonstrate ttiat the separator used In the battery of the present invention has not only an improved ion con- 
ductive property, but also an improved durability, as compared to a conventional separator. 

(Charge/discharge conditions) 

(1 St cycle) 

Charge : The charging operation was conducted for 6 hours, in which the operation was started at a current density 
of 1 .0 mA^cm and. after tiie voltage of the unit cell became 4.2 V, the current density was controlled so as to maintain 
the voltage at 4.2 V. 

Discharge: The discharging operation was conducted at a current density of 1 .0 mA/cm^ (corresponding to 1/3C) 
until the voltage of tiie unit cell became 2.7 V. 

(2nd to 200tfi cycles) ^ 

Charge : The charging operation was conducted for 3 hours, in which ttie operation was started at a current density 
of 3.0 mA^cm and. after the voltage of ttie unit cell became 4.2 V. ttie current density was controlled so as to maintain 
the voltage at 4.2 V. 

Discharge: The discharging operation was conducted at a current density of 3.0 mA/cm^ (corresponding to 1,0C) 
until the voltage becomes 2.7 V. 

Wltt^ respect to each of the sample unit cells, the discharge capacity maintaining ratio {i.e.. the ratio (%) of the dis- 
charge capacity at tfie 200tt» cycle to ttie discharge capacity at tiie 2nd cycle} were calculated. As a result, it was found 
that ttie discharge capacity maintaining ratio in Example 3 was 88.8 %. and ttiat ttie ratio in Comparative Example 3 
was 83.8 %, That is. alttiough ttie thickness of the separator used in ttie sanple unit cell of Example 3 was ttie same 
as ttiat of the separator used in the sample unit cell of Comparative Example 3. ttie discharge capacity maintaining ratio 
of ttie sample unit cell of Example 3 was higher than that of ttie sample unit cell of Comparative Example 3. From the 
above, it is apparent that ttie separator used In tfie battery of the present invention, which comprises a layer of an aggre- 
gate form of particles of at least one insulating substance, has Improved durabPlty, as compared to the conventional 
microporous PE film separator. 

Example 4 

Using a sairple unH cell having a structure as shown In Rg. 7(b). the charge/discharge cyde characteristics of the 
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battery of the present invention were examined in substantially the same manner as In Examples 1 and 2. 
(Electrodes) 

Sheet electfodes were Individually produced In substantially the same manner as In Examples 2-A, 2-8 and Exam- 



(Aggregate form of particles of an insulating substance) 

An aggregate form of particles of an insulating substance was prepared by the method described below usina the 
materials described below. 

(Materials used) 

Particles of an insulating substance: Zeolite having a Si02/Al203 molar ratio of 29. 

Binder: Pdyvinylldene fluoride (PVDF) (KF#1 100, manufactured and sold by Kureha Chemical Industry Co Ltd 
Japan). 

Solvent 1-methyl-2-pyrrolidone (NMP). 
(Preparation method) 

Particles of a zeolite and particles of PVDF (zeolite/PVDF weight ratio: 100/5) were mixed with each other to obtain 
a powder mixture. Then, to the obtained powder mixture was added NMP to obtain a slun-y having a solids content of 
55.0 % by weight. 

Using a doctor blade, the obtained sluny was applied, in a predetemiined uniform thickness, to each of the surface 
of cathode active material layer 1 1b of positive electrode 1 1 and the surface of anode active material layer 12b of neg- 
ative electrode 12, followed by drying In an oven at 120 ^C for 15 minutes, to thereby obtain separators 13A and 13B, 
wherein each of separators 13A and 13B was comprised of a layer of an aggregate form of particles of a zeolite, and 
separators 13A and 13B were directly formed, in an immobilized fomi, on cathode active material layer lib and anode 
active material layer 12b. respectively. Each of the obtained separators ISAand 138 had a porosity of 50%. The poros- 
ities of separators ISA and 13B were measured by means of a mercury poroslmeler (manufactured and sold by Shi- 
madzu Corp., Japan) with respect to sample separators prepared in substantially the same manner as in the 
preparation of separator 13A and the preparation of separator 138. respectively, except that each of the sample sepa- 
rators was Ibrmed on a dish made of an aluminum foil and then, peeled off from the dish. 

Positive electrode 1 1 having separator 13A (which was directly formed, in an immobilized form, on cathode active 
material layer 1 lb) was fabricated so as to have a surface area of 1 .5 cm x 1 .0 cm. Negative electrode 12 having sep- 
arator 13B (which was directly formed, in an immobilized form, on anode active material layer 12b) was fabricated so 
as to have a surface area of 1 .55 cm x 1 .05 cm. (These surface areas are of the face-to-face surfaces of both elec- 
trodes) 

Then, the obtained positive electrode sheet and the obtained negative electrode sheet were combined so that cath- 
ode active materal layer 1 lb and anode active material layer 12b were arranged in a positional relationship opposrte to 
each other through separators 13A and 13B respectively formed on catiiode active material layer 1 1b and anode active 
material layer I2b. to thereby obtain a sample unit cell having a sfucture as shown in Rg. 7(b). In the obtained sample 
unrt cell, the total thickness of the separator respectively fbrnied on cathode active material layer 1 1 b and anode active 
material layer 12b was 25 urn. The obtained sample unit cell was immersed in an electrolytic Ik^uid which had been pre- 
pared by dissolving UPFg in a mixed solvent of ethylene carbonate (EC) and diethyl carbonate (DEC) (EC/DEC volume 
ratio: 1/1 , UPFg concentration: 1 .0 mol/llter), and the charge^discharge cycle test was conducted under the same con- 
ditions as in Example 2. (Example 4) 

With respect to the obtained sample unit cell, the discharge capacity lowering ratio (%) between the 10th cyde and 
the 1 1th cyde and tiie discharge capacity lowering ratio (%) between the 1 2th cyde and the 1 3th cyde were calculated 
Results are shown in Table 3. 

In Table 3, the data shown as the results of Comparative Example 4 are tiie reproduction of the results of Compar- 
ative Example 2 shown in Table 2 above. 
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As can be seen from Table 3. the sample unit cell obtained in Example 4 had a markedly small discharge capacity 
lowering ratio (%) between the 12th cyde (in which the discharge cunrent density was 1/3C) and the 1 3th cyde (in which 
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the discharge current density was 2.0C). as compared to the sample unit cell obtained in Comparative Example 4 in 
which the separator used had the same thickness as that of the separator used In Example 4. That Is, the battery of the 
present invention has lirproved discharge characteristics at a high current density, which are superior to those of a bat- 
tery using a conventional microporous PE film separator. As already mentioned above, the reason for this is presumed 
5 to reside in that the separator used in the present invention has a unique pore structure which is more effective for 
achieving a high ion conductive property than the pore structure of the above-mentioned conventional separator, and 
that, due to such an improved ion conductivity of the separator, the sample unit ceil using the separator of the present 
invention exhibits improved discharge characteristics at a high current density. 

10 Example 5 

Using a sample unit cell having a structure as shown in Fig. 7(b). the charge/discharge cyde characteristics of the 
battery of the present invention were examined in substantially the same manner as in Examples 1 , 2 and 4. 

16 (Electrodes) 

Sheet electrodes were individually produced in substantially the same manner as in Examples 2, 3 and 4. 
(Aggregate ibrm of particles of an insulating substance) 

20 

An aggregate form of particles of an insulating substance was prepared by the method described below using the 
materials described below. 

(Materials used] 

25 

Particles of an insulating substance: Polyparaphenylene terephthalamide (aramide) (manutectured and sold. urxJer 
the tradename Twaron". by Nihon Aramide Kabushiki Kaisha). 

Binder: Pdyvinylidene fluoride (PVDF) (KF#l 100, manufactured and sold by Kureha Chemical Industry Co., Ltd.. 
Japan). 

30 Solvent: 1 -metiiyl-2-pyn'olidone (NMP). 
(Preparation method) 

Particles of aramide and particles of PVDF (aramlde/PVD weight ratio: 100/5) were mixed with each other to obtain 
35 a powder mixture. Then, to the obtained powder mixture was added NMP to obtain a slun'y having a solids content of 
50.0 % by weight. 

Using a doctor blade, the obtained slun-y was applied, in a predetermined unHbrm thtokness, to the surface of catfi- 
ode active nfiaterial layer 11b of positive electrode 11 and tiie surfece of anode active material layer 12b of negative 
electrode 1 2, followed by drying in an oven at 1 20 ^'C for 1 5 minutes, to ttiereby obtain separators 1 3A and 1 3B, wherein 

40 each of separators 13Aand ISBwascomprisedof a layer of an aggregate form of particles of aramide, and separators 
13A and 1 3B were directly formed, in an immobilized form, on cathode active material layer 1 1 b and anode active mate- 
rial layer 12b. respectively Each of the separators had a porosity of 50 %. The porosilles of separators 13A and 13B 
were measured by means of a mercury porosimeter (manufactured and sold by Shimadzu Corp., Japan) witii respect 
to sample separators prepared in substantially the same manner as in the preparation of separator 13A and tine prep- 

46 aration of separator 1 3B, respectively, except tiiat each of ttie sample separators was formed on a dish made of an alu- 
minum foil and tiien, peeled off from the dish. 

Positive electrode 1 1 hiaving separator 13A (which was directly formed, in an immobilized form, on cathode active 
material layer 1 lb) was fatM-icated so as to have a surface area of 1.5 cm x 1.0 cm. Negative electrode 12 having sep- 
arator 13B (which was directly formed, in an Immobilized form, on anode active material layer 12b) was fabricated so 

50 as to have a surface area of 1 .55 cm x 1 .05 cm. (TTiese surface areas are of ttie face-to-face surfaces of botii elec- 
trodes.) 

Then, the obtained positive electrode sheet and the obtained negative electrode sheet were combined so that catii- 
ode active material layer 1 lb and anode active material layer 12b were arranged in a posltbnal relationship opposite to 
each other through separators 1 3A and 1 3B respectively formed on cathode active material layer 1 1 b and anode active 
55 material layer 12b. to ttiereby obtain a sample unit cell having a structure as shown in Fig. 7(b). In the obtained sample 
unit cell, the total tiiickness of the separator respectively fomied on cathode active material layer 1 lb and anode active 
material layer 1 2b was 25 pm. The obtained sample unit cell was immersed In an electrolytic liquid which had been pre- v 
pared by dissolving UPFe in a mixed solvent of ethylene carbonate (EC) and cfiettiyl carbonate (DEC) (EC/DEC volume 
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ratio: 1/1 . UPFg concentration: 1 .0 moiyiiter), and the charge/discharge cycle test was conducted under the same con- 
ditions as in Examples 2 and 4. (Example 5) 

With respect to the sample unit cell, the discharge capacity lowering ratio (%) between the 10th cycle and the 1 1th 
cyde and the discharge capacity lowering ratio (%) between the 12th cyde and the 1 3th cycle were calculated. Results 
are shown in Table 4. 

In Table 4, the data shown as the results of Comparative Example 5 are the reproduction of the results of Compar- 
ative Example 2 shown in Table 2 above. 
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As can be seen from Table 4, the sample unit cell obtained in Example 5 had a markedly small discharge capacity 
lowering ratio (%) between the 12th cyde (in which the discharge current density was 1/3C) and the 13th cycle (In which 
the discharge current density was 2.0C). as compared to the sample unit cell of Conrparative Exairple 5 in which the 
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separator used had the same thickness as that of the separator used in Example 5. 
Examplg g 

Using a sample unit cell having a structure as shown in Rg 7(b). the charge/discharge cycle characteristics of the 
battery of the present invention were examined in substantially the same manner as in Examples 1, 2, 4 and 5, 

(Electrodes) 

Sheet electrodes were individually produced in substantially the same manner as in Exanples 2. 3, 4 and 5. 
(Aggregate form of partlctes of an insulating substance) 

An aggregate form of particles of an insulating substance was prepared t>y the method described below using the 
materials described below. 

(Materials for the positive electrode) 

Particles of an Insulating substance: Particles of a-AlgOa having an average particle diameter of 1 .0 urn. 
Binder: Polyvinylidene fluoride (PVDF) (KF#1 100. manufactured and sold by Kureha Chemical Industry Co., Lld„ 
Japan). 

Solvent: 1-methyl-2-pyrrolidone (NMP). 
(Preparation method) 

Particles of a-Al203 and particles of PVDF (a-AlgOs/PVOF weight ratio: 100/5) were mixed with each other to 
obtain a powder mixture. Then, to the obtained powder mixture was added NMP to obtain a slurry having a solids con- 
tent of 56.8 % by weight. 

Using a doctor blade, the obtained slurry was applied, in a predetermined uniform thickness, to the surface of cath- 
ode active material layer 1 1 b of positive electrode 1 1 . followed by drying in an oven at 1 20 »C for 1 5 minutes, to thereby 
obtain separator 13A, wherein separator 13A was comprised of a layer of an aggregate form of particles of a-AlgOa. 
and was directly formed, in an immobilized form, on cathode active material layer 1 1 b. Separator 1 3A had a porosity of 
52 %. The porosity was measured by means of a mercury porosim^er (manufactured and sold by Shimadzu Corp., 
Japan) with respect to a sample separator prepared in substantially the same manner as in the preparation of separator 
1 3 A. except that the sample separator was fbrmed on a dish made of an aluminum foil and then, the obtained sample 
separator was peeled off from the dish. 

Positive electrode 1 1 having separator 1 3A (which was comprised of an aggregate form of particles of a-AlgOs, and 
directly lomied, in an immobilized form, on cathode active material layer 1 lb) was fabricated so as to have a surface 
areaof 1.5cmx1.0 cm. 

(Materials for the negative electrode) 

Particles of an insulating substance: Polyethylene. 
Binder: Carboxymethyl cellulose and latex. 
Solvent: Purified water. 

(PreparatkMi method) 

CartKJxymethyl cellulose was dissolved in purified water to obtain an aqueous solution having a carboxymethyl cel- 
lulose content of 2.0 % by weight. Then, to the obtained aqueous solution of carboxymethyl cellulose were added the 
partides of polyethylene, and then a latex having a solids content of 4.2 % by weight, to obtain a slun-y (polyethyl- 
ene/carboxymethyl cellulose/latex weight ratio: 100/1/2. solkls content: 45.0 % by weight). 

Using a doctor blade, the obtained slurry was applied, in a predetermined unifbmi thickness, to the surface of 
anode active material layer 12b of negative electrode 12, followed by drying in an oven at 100 *^C for 15 minutes, to 
thereby obtain separator 13B, wherein separator 138 was comprised of a layer of an aggregate form of particles of pol- 
yethylene, and was directly fbmied, in an immobilized form, on anode active material layer 12b. Separator 138 had a 
porosity of 50 %. The porosity was measured by means of a mercury porosimeter (manufactured and sold by Shimadzu 
Corp., Japan) with respect to a sample separator prepared in substantially the same manner as in the preparation of 
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separator 13B. except that the sample separator was formed on a dish made of an aluminum foil and then, the ot>tained 
sample separator was peeled off from the dish. 

Negafiye electrode 12 having separator 13B (which was composed of an aggregate form of particles of polyethyl- 
enft and directly formed, in an immobilized form, on anode active material layer I2b) was fabricated so as to have a 
1 .55 cm X 1 .05 cm. (The surface areas of separators 1 3A and 13B are of the face-to-face surfaces of 
Dotn electrodes.) 

Then, the obtained positive electrode sheet and the obtained negative electrode sheet were combined so that cath- 
ode active matenal layer 1 lb and anode active material layer 12b were arranged in a posHional relationship opposHe to 
each other through separators 1 3A and 13B respectively formed on cathode active material layer lib and anode active 
mrterial byer l a, to i^ereby obtain a sample unit cell having a structure as shown in Rg. 7(b). In the obtained sample 
unit cell, the total thidoiess of the separator respectively fomied on cathode active material layer 1 1 b and anode active 
material layer 12b was 25 ^m. Each of the obtained sample unit cells was immersed in an electrolytic liquid which had 
T^TJ'n^ dissolving UPFg in a mixed solvent of ethylene carbonate (EC) and diethyl carbonate (DEC) 
(EC/DEC volume ratio: 1/1, UPFg concentration: 1.0 moi/liter). and the chaigeAlischarge cycle test was conducted 
under the same conditions as in Examples 2. 4 and 5. (Example 6) 

With respect to the sample unit cell, the discharge capacHy lowering ratio (%) between the 1 0th cycle and the 1 1th 
cyde and the discharge capacity lowering ratio (%) between the 12th cyde and the 13th cycle were calculated Results 
are sriown in Tat)ie 5. 

In l&ble 5, the data shown as the results of Comparative Example 6 are the reproduction of the results of Coimar- 
ative Example 2 shown in Table 2 above. w.^oi 
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55 

As can be seen from Table 5. the sample unit cell obtained in Example 6 had a markedly small discharge capacity 
lowering ratio (%) between the 1 2th cyde (in which the discharge current density was 1/3C) and the 1 3th cycle (in which 
the discharge current density was 2.0C). as compared to the sample unit ceO obtained in Comparative Example 6 in 
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which the separator used had the same thickness as that of the separator used in Examples 5. That is, the battery of 
the present Invention has improved discharge characteristics at a high cunrent density, which are superior to those of a 
battery i«ing a conventional microporous PE film separator. As already ment'oned above, the reason for this is pre- 
sumed to reside in that the separator used In the present invention has a unique pore structure which Is more effective 
for achieving a high Ion conductive property than the pore structure of the above-mentioned conventional separator, and 
that, due to such an improved ion conductivity of the separator, the sample unit cell using the separator used in the 
present invention exhibits improved discharge characteristics at a high current density. 

Further, in the case of the sample unit cell of Exan^le 6, which has a double-separator structure (comprised of sep- 
arator 13A and separator 13B) formed between positive electrode 1 1 and negative electrode 1 2, in which separator 1 3A 
(formed on cathode active material layer 11a) comprises a layer of particles of an Inorganic compound having a high 
melting point (2055 '^C) and separator 13B (formed on anode active material layer 12a) comprises a layer of particles 
of a synthetic resin having a low melting point (140 ^'C). the double-separator structure also functions as a fuse. Tliat is. 
when a battery having such a double-separator structure is caused to have a high temperature, only the resin particles 
contained in separator 1 SB are melted and the resultant nwlten resin closes the voids of separator 13A to thereby shut 
off the current (i.e., the double-separator stoicture functions as a fuse). 

Example 7 

Using a sample unit c^l having a structure as shown in Fig, 7(b). the charge/discharge cyde characteristics of the 
battery of the present Invention were examined in substantially the same manner as in Examples 1 , 2, 4. 5 and 6. 
Sheet electrodes were individually produced as follows. 

(Positive electrode) 

UMn204 as a cathode active material, a lamellar graphite as a filler and a f luororubber as a binder (UMn204y!amel- 
lar graphite/f luororubber weight ratio: 100/6/1.96) were mixed in a mixed solvent of ethyl acetate and ethyl cellosolve 
(ethyl acetate/ethyl cellosolve volume ratio: 1/3) to thereby obtain a paste far coating. The obtained paste was applied 
to one surface of aluminum foil 1 la (a cun-ent collector) having a thickness of 15 jim, followed by drying. The resultant 
coated aluminum foil was pressed by means of a calender roll, to thereby obtain positive electrode 1 1 having a 112 ^m- 
thlck cathode active material layer 1 1b. 

(Negative electrode) 

A mesophase pitch carbon f ber graphite and a lamellar graphite, each as an anode active material, carboxymethyl 
cellulose as a dispersing agent, a latex as a binder (mesophase pitch carbon fiber graphite/lamellar graphite/car- 
boxymethyl cellulose/latex weight ratio: 90/1 0/1 .4/1 .8) were mixed In purified water to thereby obtain a paste for coating. 
The obtained paste was applied to one surfoce of copper foil 12a (a cun-ent collector) having a thickness of 12 >im. fol- 
lowed fay drying. The resultant coated copper foil was pressed by means off a calender roll, to thereby obtain negative 
electrode 12 having 81 ^m-thk^ anode active material layer 12b. 

(Aggregate form of particles of an insulating substance) 

An aggregate form of particles of an insulating substance was prepared by the metfiod described below using the 
materials described below. 

(Materials used) 

. Particles of an insulating substance: Particles of a- AI2O3 having an average particle diameter of 1 .0 |im. 
Binder: Pdyvinylldene ffluorWe (PVDF) (KF#1100. manufactured and sold by Kureha Chemical Industry Co.. Ltd.. 
Japan). 

Solvent: 1-methyl-2-pyrrolidone (NMP). 
(Preparation method) 

Particles of a-AlgOa and particles of PVDF (a-AlaCVPVD weight ratio: 100/5) were mixed with each other to obtain 
a powder mixture. TTien. to the obtained powder nrwxlure was added NMP to obtain a slurry having a solids content off 
56.8% by weight. 

Using a doctor blade, the obtained sluny was applied, in a predetennined uniform thickness, to each off the surface 
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of cathcxie active material layer 11 b of positive electrode 1 1 and the surface of anode active material layer 12b of neg- 
ative electrode 12, followed by drying in an oven at 120 •C for 15 minutes, to thereby obtain separators 13A and 13B. 
wherein each of separators 13A and 13B was conrposed of a layer of an aggregate form of particles of a-Al203, and 
separators 13A and 13B were directly formed, in an immobilized form, on cathode active material layer 1 1 b and anode 
active material layer 12b. respectively Each of separators 13A and 13B had a porosity of 52 %, The porosities of sep- 
arators 13A and 13B were measured by means of a mercury porosimeter (imnufactured and sold by Shimadzu Corp., 
Japan) with respect to sample separators prepared In substantially the same manner as in the preparation of separator 
1 3A and the preparation of separator 13B, respectively, except that each of the sanple separators was formed on a dish 
made of an aluminum foil and then, peeled off from the dish. 

Positive electrode 1 1 having separator 13A (which was directly formed, in an immobilized form, on the cathode 
active material layer 1 1 b) was fabricated so as to have a surface area of 1 .5 cm x 1 .0 cm. Negative electrode 1 2 having 
separator 138 (which was directly formed, in an immobilized fomi. on anode active material layer 12b) was fabricated 
so as to have a surface area of 1.55 cm x 1.05 cm. (These surface areas are of the face-to-face surface of both elec- 
trodes.) 

Then, the obtained positive electrode sheet and the obtained negative electrode sheet were combined so that cath- 
ode active material layer 1 lb and anode active material layer 12b were arranged in a positional relationship opposite to 
each other through separator 13A formed on cathode active material layer lib and separator 13B formed on anode 
active material layer 12b. to thereby obtain a sample unit cell having a structure as shown in Fig. 7(b). In the obtained 
sample unit cell, the total thickness of the separators respectively formed on cathode active material layer 1 lb and 
anode active material layer 12b was 25 jim. The obtained sample unit cell was immersed In an electrolytic liquid which 
had been prepared by dissolving UPFg in a mixed solvent of ethylene cartx3nate (EC) and diethyl cariwnate (DEC) 
(EC/DEC volume ratio: 1/1 . and LiPFe concentration: 1 .0 moMiter), and the charge/discharge cyde test was conducted 
under tiie same conditions as in Examples 2, 4, 5 and 6. (Example 7) 

In (Jomparative Example 7, a sample unit cell was prepared as follows. Positive electrode 1 1 and negative elec- 
trode 12 were individually obtained in substantially flie same manner as in Example 7. The obtained positive electrode 
1 1 and negative electrode 12 were fabricated so as to have a surface area of 1 .5 cm x 1 .0 cm and a surface area of 
1.55 cm x 1,05 cm. respectively (These surface areas are of the face-to-face surface of both electrodes.) Then, the 
obtained positive electrode sheet, tiie obtained negative electrode sheet and separator 13 {a microporous polyethylene 
(PE) film having a thicl<ness of 25 >im and a porosity of 36 %} were combined so tiiat catfiode active material layer lib 
and anode active material layer 12b were arranged in a positional relationship opposite to each otfier through separator 
13 to thereby obtain a sample unit cell having tiie structure as shown in Rg. 1(B). The obtained sample unit cell was 
immersed in the same electrolytic liquid as in Example 2, and tiie chargeydischarge cycle test was conducted under the 
same conditions as in Example 2. 

With respect to each of the sample unit cell obtained in Example 7 and the sample unit cell obtained in Comparative 
Example 7, ttie discharge capacity lowering ratio (%) between the 10th cyde and tiie 1 1th cyde and tfie discharge 
capadty lowering ratio (%) between the 12tii cyde and the 13th cyde were calculated. Results are shown In Table 6. 
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As can be seen froni TaWe 6, the sample unit cell obtained in Example 7 had a markedly small discharge capacity 
lowering ratio (%) between the 12th cyde (in which the discharge current density was 1/3C) and the 13th cycle (in which 
the discharge current density was 2.0C), as compared to the sample unit cell obtained in Comparative Exanple 7 in 
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which the separator used had the same thickness as that of the separator used in Example 7. That Is, the battery of the 
present invention has improved discharge characteristics at a high current density, which are superior to those of a bat- 
tery using a conventional microporous PE film separator. As already mentioned above, the reason for this is presumed 
to reside in that the separator used in the present invention has a unique pore structure which is more effective for 
5 achieving a high ion conductive property than the pore structure of the above-mentioned conventional s^arator. so 
that, due to such an Improved Ion conductivity of the separator, the sample unit cell using the separator used In the 
present invention exhibits improved discharge characteristics at a high discharge current density. 

INDUSTPIALAPPLIQABIMTY 

w 

The battery of the present Invention Is advantageous not only In that the battery exhibits excellent discharge char- 
acteristics even at a high discharge current density without sacrificing safety, but also In that a large amount of active 
materials can be accommodated in the battery per unit volume thereof, as compared to the amounts in the case of con- 
ventional batteries, so that the battery of the present invention can exhibit an extremely high performance, as conpared 
16 to conventional batteries. Further, the battery of the present Invention can exhibit such a high performance even in a 
compact and light weight form. 

Claims 

20 1 . A battery comprising: 
a casing, 

an electrolyte contained in said casing, 
a positive electrode comprising a cathode active material layer. 
25 a negative electrode comprising an anode active material layer, and 

a porous separator disposed between said positive electrode and said negative electrode, wherein two oppo- 
site surfaces of said porous separator face said cathode active material layer and said anode active material 
layer, respectively. 

said positive electrode, said negative electrode and said separator being disposed in said casing, operatively 
30 with said electrolyte, 

said porous separator comprising at least one layer of an aggregate form of particles of at least one insulating 
substance, wherein said at least one layer of the aggregate fbmi of particles has a three-dimensional network 
of voids which function as pores in said porous separator and which are capable of passing ions theretiiough. 

The battery according to claim 1. wherein said porous separator further conprises a binder which is mixed with 
said particles to thereby bind said particles together. 

The battery according to claim 1 or 2. wherein said porous separator is directly formed, In an immobilized form, on 
at least one active material layer selected from the group consisting of said cathode active material layer and said 
anode active material layer. 

TTiB battery according to any one of claims 1 to 3, wherein said porous separator has a porosity of 10 % or more 
as measured In the dry state of said porous separator. 

The battery according to any one of claims 1 to 4, wherein said porous separator has an ion conductive property 
ascribed to a factor other than said voids of said aggregate form of particles. 

The battery according to any one of claims 1 to 5, wherein said insulating substance is an Inorganic substance. 

The battery according to any one of claims 1 to 5. wherein said insulating substance Is an organic substance. 

The battery according to any one of claims 1 to 7, wherein said aggregate form of particles comprises particles of 
at least two different insulathig substances. 

The battery according to any one of claims 1 to 8, wherein said porous separator comprises at least two layers 
respectively comprised of different aggregate forms of particles. 

1 0. The battery according to any one of claims 1 to 9, wherein said separator comprises a first separator layer compris- 
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ing at least one layer of an aggregate form of particles of at least one inorganic insulating substance and a second 
separator fayer comprising at least one layer of an aggregate form of particles of at least one organic Insulating sub- 
stance, sad first separator layer being directly formed, in an Immobilized form, on one active material layer selected 
from said cathode active material layer and said anode active material layer, said second separator layer being 
directly formed, in an immobilized form, on the other active material layer remaining between said cathode active 
material layer and said anode active material layer. 

1 1. The battery according to any one of claims 1 to 10. wherein said electrolyte is a non-aqueous electrolyte. 

12. The battery according to claim 1 1 . wherein said non-aqueous electrolyte contains lithium ions. 

13. The battery according to claim 1 1 or 12. wherein said cathode active material layer comprises lithium manganate. 

1 4. A method (or producing a battery, comprising: 

(1) individually providing a positive electrode comprising a cathode active material layer and a negative elec- 
trode comprising an anode active material layer; 

(2) coating a dispersion of a mixture of particles of at least one insulating substance and a binder for said par- 
tides In a dispersion medium on at least one active material layer selected from the group consisting of said 
cathode active material layer and said anode active material layer; 

(3) removing, by evaporation, the dispersion medium of said dispersion coated on said at least one active 
material layer to form a layer of an aggregate form of said particles, wherein said particles are bound together 
by means of said binder, thereby providing a porous separator formed directly, in an imivKsbilized form, on said 
at least one active material layer, wherein said layer of an aggregate form of particles has a three dimensional 
network of voids; and 

(4) disposing said positive electrode and said negative electrode, at least one of which has the porous separa- 
tor formed on the active material layer thereof, in a casing so that said cathode active material layer and said 
anode active material layer are arranged, operatively with an electrolyte contained in said casing in a posi- 
tional relationship opposite to each other through the porous separator formed on said at least one active 
material layer. 
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FIG. 1 (a) (PRIOR ART) 




FIG. 1 (B) (PRIOR ART) 
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